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of the most experienced companies 
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ASSOCIATED TRANSISTORS Ltd. 
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TRUE R.M.S. VALVE VOLTMETER 


TYPE 612 


For the measurement of 

true r.m.s. values of complex 
voltage waveforms from 300 ..V 
to 300 V, for full-scale meter 
deflection at frequencies 
between 5 c/s and 500 kc/s 


Measures true r.m.s. voltage independent 
of the waveform. 


oe a ee 


Wide voltage range in 13 steps 

High input impedance. 

Auxiliary decibel scale. 
Mains-operated and portable. 

High thermal and electrical stability. 


* 
* 
* 
* 
* 
* 
* 


Independent of mains variations. 


Voltage Range: 
Thirteen voltage ranges are provided covering full-scale meter deflections 
from 300uV to 300 V. 


Accuracy: 
Amplifier response does not vary more than +3% from I5 c/s to 150 kc’s, 


eS iieiiaeucaced reactors, and +5% from 5 c/s to 500 kc/s for sine waves. 
i 3% for 


For complex waves, amplifier response does not vary more than + 


rectifier ripple, noise generated in tran- all component frequencies from 15 c/s to 150 kc/s, and +5% from 5 c/s to 


500 kc/s, and peak to r.m.s. ratios not greater than 5 at full-scale deflection 


sistors, valves, and ‘resistors, acoustic and or correspondingly greater ratios at smaller meter readings. 
Uniform accuracy of 1% of scale-reading obtained with logarithmic-scale 


vibration tests, and intermodulation and. calibration. 
| son Sanaa oil determinations. : 


THE DAWE RANGE OF VALVE VOLTMETERS INCLUDES:— 
TYPE 614C: An extremely compact and portable TYPE 613 1 An electronic valve voltmeter for voltage 
sensitive electronic valve voltmeter designed for the measurement between 250.V and 300V over a frequency 
measurement of voltages from 80. to 300V at fre- range of 10 c/s to 2 me/s. It can also be used as a 
quencies between 5 ¢/s and 100 kc/s. high gain wideband amplifier. 
Technical data forwarded on request: DAWE INSTRUMENTS LTD., 
99-101 UXBRIDGE ROAD, EALING, LONDON, W.5 :: Ealing 6215-7 
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G of course... 


STANDARD TYPES for IMPROVED STABILITY 

AM Miniature 4 watt, range 100 ohms to 500 kilohms. Axial leads. CONSISTENT ACCURACY 

RM2 Miniature }, watt, 100 ohms to 200 kilohms. Radial leads. 

P Plug in type on international octal base, 10 ohms to 10 megohms. GUARANTEED TEMPERATURE 


T Tagged sesistor, max-resistance | megohm in each of up to COEFFICIENT 
sections. 

s Standard precision type, 0.1 ohm to 3 megohms, 1W, $W or } W. 

L 


. resistance, high voltage, 10 ohms to 40 megohms from 
to 8W. 


Decade resistor for digital measuring instruments, parallel for prompt attention 
or series. 
On American sized bobbins, }, 4 and }W from 100 obms to 
1.5 megohms. 
Special temp. coefficient type guaranteed to -+-0.0004% per °C. 
Power type for servo use, 0.5 ohms to 50 kilohms, for 3, 5 & 10W. 


‘SPECIALS’ SUPPLIED TO CUSTOMERS’ REQUIREMENTS 


Alma COMPONENTS LIMITED - 551 Holloway Road, London, N.I9. Telephone ARChwoy 0014/5 





i 








TRANSFORMERS CHOKES 
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ARDENTE 


Miniature 
Electronic Components 


\N 
wu 
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FULL TECHNICAL DATA UPON REQUEST 


AMPLIFIERS 


a 


POTENTIOMETERS 


eee 


ARDENTE ACOUST 
8-12 MINERVA ROAD : LONDON : NW 


LABORATORIES LTD | 
; 


Phone: ELGAR 3923 (6 lines) Telegrams: HAILER LONOON 


WW 
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Silicon 
erm §€FJunction 
Diodes 


Continuing to set industry These subminiature Silicon Junction 
standards of quality and a jee Diodes are fusion-sealed ina one-piece 


: ‘ : slass body, impervious to moisture and 
reliability for semiconductor UAE ha UME 


j Sil external contamination. Flexible dumet 
Lr heenly eet egal ERTORMERY 19GH BACK RESISTANCE leads are TINNED or GOLD PLATED 
Junction Diodes now provide for easy soldering or spot-welding. The 
you with units which will diode envelope is coated with black silicone 
operate at high temperatures. VERY SHARP BA VOLTAGE Down? enamel to shield crystal from light. 
Thev OES ay high forward Operative ambient temperature range: , 
; he from -80°C to + 200°C. Actual size of 

conductance with extremely di ; ; : 

d HIGH TEMPE iode glass body: 0-265 inch long; 0-107 
high back resistance. In several inch diameter — with 1 inch leads. 
diode types, this resistance 
is in the order of 10,000 
megohms. This means that, 
” ne applications, there Maximum Minimum Maximum Inverse Current 
1S essentially an open circuit D.C. Forward @ Specified D.C. Test Voltage 
characteristic in the back Type seo Cusent 
‘ ‘ Voltage in mA 
direction. The phenomenal (Volts) at +1V 


back resistance of these diodes IN456 35 m7) 025 uA | 005 mA 35 
has opened up many *1N457 60 20 005 mA 60 

ossibilities for entirely new *1N458 125 : 005 mA 125 
cetera ne Phemgrre terval *1N459 175 005mA | 175 
circuit applications, in addition 1N461 25 030 mA 25 


to meeting requirements for 1N462 60 : .030 mA 60 
1N463 175 p .030 mA 175 


higher temperature operation. 1N464 125 : 030 mA 195 
Before completing design work 


on your next equipment be sure 


to investigate the outstanding Inquiries may be addressed to: 
Silicon Junction Diodes. Hughes International, Lid. Kershaw House, Great West Road, Hounslow, Middlesex 


Other important semiconductor + 3 ee, See 
products available to you 

are Gold Bonded Germanium 

Diodes, Silicon Computer 

Diodes, Silicon Transistors and 

Silicon Rectifiers. 


ELECTRICAL CHARACTERISTICS — SILICON JUNCTION DIODES 








@ 25°C | @ 150°C Volts 
































*JAN types 
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Made throughout in polished stainless 
steel 


Single action door openings. 
Rectangular with self spacings to suit. 
Double ended controls. 


Electrical interlocking of air inlet and 
isolation valve. 


Outer cover hermetically sealed. 


DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 


Temperature Range 0°-300°C. or 
equivalent F. 


Temperature Control: 

Normal +74°C, 

Special + 1°C. 

Internal Spacing 7” x 8” x 18”. 

(can be altered to special requirements). 

Vacuum Range. 

To 10-* m.m. 

Respective Vacuum Gauges incorporated. 

Automatic air inlet valve on Backing Pump. 
Photogrophs show how a 


complete sequence of pro- : . 
dudito aun he eanken Visual Indicators and fuses on all switches. 


tho ke 
sphere,  aaue a oor Flanged for fitting into Dry Box. 
vi 


We design and manufacture Ovens to Customers’ special 
requirements. Should you have any problems in this field, our 
Technical Department is always willing to help you solve them. 
Vacuum Ovens with temperatures of up to 600°C are also manu- 
factured by us on similar lines but with Sectional Heating and 


Water-Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to major 
companies in Great Britain and Overseas. 


rower, 
VACWELL ENGINEERING CO., LTD. U 


WILLOW LANE - MITCHAM - SURREY Tel: MiTcham 821! (3 lines) % 
G, 


ay 
co.» 
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ATT 3) 140 serves industry 


The widest range of F.H.P. Motors 
for servo applications 


Available from : } watt miniature AC motors weighing only a few ounces to 
100 watt DC Splitfield motors weighing 10} Ib. 


HIGH EFFICIENCY * HIGH STARTING TORQUE 
HIGH ACCELERATION * LOW INERTIA 


A CHOICE FROM 35 DIFFERENT RANGES 
Send now for Publication EO 301 which gives full details. 


INSTRUMENTS DIVISION 


EVERSHED & VIGNOLES LIMITED 
ACTON LANE - CHISWICK - LONDON, W.4 
Telephone: Chiswick 3670 Telegrams & Cables: Megger, London, Telex 22-583 





ELECTRONIC ENGINEERING AUGUST 1960 





EE 24011 for further details 
j 





DIRECT DEHUMIDIFIERS 


FOR AIR CONDITIONING 


waterlogged ? 





A situation like this in your factory is unthinkable—but it is the hidden moisture, 
of which you are often unaware, that threatens the quality of your product and the 
efficiency of its manufacture. Moisture costs money as it slows down production, 
causes deterioration in quality and increases plant maintenance. Birlec Direct De- 
humidifiers—simple, reliable, and economical—can put a stop to all this. They are 
already maintaining very low humidities for the;manufacture of transistors, computers, 
radar sets, cathode ray tubes, etc. 











AEI-Birlec Limited 








TYBURN ROAD + ERDINGTON ~- BIRMINGHAM 24. + Tel.: EASt 1544 
LONDON + SHEFFIELD - NEWCASTLE-ON-TYNE GLASGOW + CARDIFF 
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Three NEW... 





3°5 - millimicrosecond risetime 

Type 58! 

A new laboratory oscilloscope with many of the 
capabilities needed in the current rapid advancement 
of the electronic art. Its 3.5-my sec risetime, 0.1-v/cm 
sensitivity and 0.oI-usec/cm sweeptime are features 
for modern high-speed pulse applications. A new series 
of Tektronix plug-in preamplifiers promises out- 
standing signal-handling versatility for an oscilloscope 
with a vertical passband of dc to approximately 100 mc. 


Type 585 

Having the identical general specifications as Type 
§81, the 585 has second time base generator. This 
acts as a sweep delay generator, providing a wide 
range of calibrated sweep delay, continuously variable 
over the range of Iusec to 10 sec. Colour-correlated 
controls eliminate confusion, making this new high 
perfermance oscilloscope easy to operate. 


Full details from 


OSCILLOSCOPES 


When top performance oscilloscopes are required, 


the range of Tektronix instruments can satisfy the 


most rigorous demands. Livingston Laboratories 


are the sole representatives in Great Britain of 


Tektronix Inc. 





NEW DC to 30 MC 


Dual - Beam Oscilloscope 


Type 555 


Two electron beams, each 
with its own X and Y 
deflection systems, help 
make possible a_ highly 
versatile dual-beam oscillo- 
scope. Either of the two 
time-base generators in the 
Type 555 can deflect either 
beam for dual and single 
displays, and either can 
deflect both beams for a 
dual display on the same 
time base. Time-base units 
are the plug-in type to 





Feet AS Tie. BEAM OOM =e. 











facilitate instrument maintenance and the sweep speed is 
variable between 0.02 yusec/cm and 12 sec/cm. This new 
oscilloscope will accept the standard range of plug-in 


pre-amplifiers. 


Same signal displayed 
simultaneously on slow 
sweep (upper beam) and 
fast sweep (lower beam) 
shows both coarse and fine 
structure of waveform. De- 
lay range—o.§ usec. to 
50 sec. 


LIVINGSTON LABORATORIES LTD. 
RETCAR STREET, LONDON, N.19 


Telephone: ARChway 6251 
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PRECISION WIREWOUND RESISTORS 


ty RIVLIN 


STANDARD {tw to 3w; 0:12 to 3MQ. To tolerances up to + 0-:1% 
of nominal value or 0-012 whichever is greater. Terminals, solder 
lugs or wire leads Epoxy resin encapsulated. 


PLUG IN jw (other ratings to order); 500 to 200k. To 
tolerances up to + 0-1% of nominal value. Fitted gold plated phosphor 


bronze pins to fit Electro-Method D.2. socket (other spacing to order). 
Tough resin encapsulated. 
PRINTED CIRCUIT 4w (other ratings to order); 502 to 200kQ, 
To tolerances up to + 0-1°% of nominal value. Fitted silver 
finished phosphor bronze pins to standard Printed Circuit 
Module. Tough resin encapsulated. 


Above are but three types of high precision 
resistors from the comprehensive Rivlin range. 
Whatever your resistor requirement ‘standard’ 
or ‘to-specification’—it is sound judgment to ask 
Rivim first—the high-precision resistor 
specialists. 


RIVLIN INSTRUMENTS LIMITED 


DOMAN ROAD * CAMBERLEY * SURREY * Tel: CAMBERLEY 2507/8 * Grams: RIVELECTRON, CAMBERLEY 
LONDON OFFICE. Tei: SWISS COTTAGE 3038 
GD 20! 
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for the new-look work wear with the low-cost qualities 


New and smarter styles for women and something completely new for men in opaque fabrics made from the new 


matt yarns. This is the news of the season in BRINYLON work wear. BRINYLON overalls not only save money on a direct 
cost-for-life basis, but also reduce running costs, simplify laundering, increase efficiency and raise morale all round. 
BRINYLON is highly resistant to wear, tear, moisture, shrinkage, rot, flame, chemicals and insects. Please present your 


work wear problems to : British Nylon Spinners Limited, Marketing Department, 68 Knightsbridge, London, S.W.1. 


De Registered Trade Mark of British Nylon Spinners Limited. RI-NYLON FOR TH E BEST | N NYLON 
10 
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we can get 
you out of 
a wide band 
problem 


And if you're in a rage over rectifiers or ina 
diode of despair—don't worry. We'll get 

you out of that too. (Why, we've made some of 
our customers actually beam at tetrodes!) 

It's because we've experienced over 40 years 
bottling up valves—Tx, Rx, rf, audio, hard, 

soft, gov't., special—that problems like this no 
longer hold any terrors for us. Also, we've 
everything on the research and production side 
you could possibly wish for. So the next time 
you're enveloped in a valve problem, let us know. 


Bes oo 


TYPE g Ca—all 
( m A/V) less - a 
(PF) (PF) 














Z319 19 
2759 





417A 
R5559 











valves are obtainable from 


THE M-O VALVE CO. LTD 


BROOK GREEN - HAMMERSMITH - LONDON W.6. 


A subsidiary of the General Electric Co. Ltd 
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These 3 
outstanding 
uniselectors 


provide long life 
and reliability 
in operation 


The high speed motor uniselector 


has an availability of 52 outlets in a half 


revolution with up to 16 parallel channels, 
and is capable of high speed search if 
required. It is also suitable for scanning 
and other collection functions, or for the 
routing of information to a multitude of 
points. It can be brought to rest at any 
desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 
for step-by-step working. 


The digit switch 


is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up a 
marking condition for the control of the 
Motor Uniselector. 


The miniature uniselector 


is a compact switch of unique design which 
occupies no more space than a standard 
3000-type relay. It has an availability of 
12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 


ELECTRONIC ENGINEERING 








Full technical information will gladly be supplied on application 
ASSOCIATED ELECTRICAL INDUSTRIES LTD. 
Telecommunications Division PD7 

Telephone Apparatus Department 

Woolwich, London, S.E.18 

Woolwich 2020 Ext. 326 
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--- DO YOU KNOW? 


We are the leading manufacturers of small, miniature, 
sub-miniature, and micro-miniature transformers and 
windings. 





We specialise in the complete manufacture or 
assembly of miniaturised Electronic devices and 
circuits right down to micro-miniature dimensions. 


We will undertake your projects calling for 
epoxide or polyester resin castings or encap- 
sulation. 


We manufacture and sell Hearing Aids 
and Audiometers all over the world. 


THE BELGCLERE COMPANY 


171 GOWLEY ROAD, OXFORD. OXFORD 43431 Cables Beliclere Oxford 
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with inductances 

ranging from 

1iooh at 1omA 

to 

s0mH at 1oamps 

are fully described in the 
NEW 


loose leaf catalogue 


Every copy of this catalogue, which has been 
prepared specially for industrial and research 
establishments, is numbered and registered 
in the name of the holder. It is regularly 
brought up to date by the supply of amend- 
ment sheets covering every addition to 
Gardners’ standard ranges. Please apply on 
the Company’s or the Establishment’s official 
letterheading. For other users, a catalogue 
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is available on request. 


Catalogue available on request from: 


GARDNERS RADIO LTD, SOMERFORD, CHRISTCHURCH tel 1734 
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BRATION MEASUREMENTS 


Mechanical vibrations form a part of the daily problems 
encountered by innumerable engineers in modern times - 
the field of vibration measurement and control ranging 
from the production of small electric motors for dome- 
stic purposes to the development of high speed aircraft 
and missiles. 

To enable reliable, quick, and easy measurements, Briel 
& Kjzr have developed vibration measuring systems which 
record automatically the frequency-amplitude diagram 
of the vibrations directly on pre-printed, frequency ca- 
librated paper. 

The systems employ the new Lead-Zirconium-Titanate 
Accelerometers Type 4310 or 4311 as mechanical-elec- 
trical transducers and are designed for use in develop- 
ment work on new machinery as well as for production 
line control and fault detection. 


BRUEL 
“errr? 
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The Accelerometers Type 4310 and 4311 are small, light, 
and rugged instruments which can be mounted in diffe- 
rent positions with respect to the object under test. 
They have been developed with special regard to ope- 
ration at elevated temperatures, and are available as 
complete accelerometer sets, with various practical ac- 
cessories, or in packages containing five units. 
AccelerometerType 4310 features a high sensitivity (around 
50 mV/g). The frequency range is 2 c/s to 10000 cs. 
Accelerometer 4311 features a wide frequency range from 
2 c/s to 25000 c/s. The sensitivity is around 10 mV/g. 





- BRUEL & KJAR 





. DENMARK 








Write or phone for further information. 


BRUEL & KJAR 


Adr.: NARUM, DENMARK - Teleph.: NASRUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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Radio Transmitters Conquer Space 


In our technical era the perceptions of time and distance are under- 
going radical changes. Fast moving, powerful engines take us securely 
to our distant destinations within a few hours. And, it is hardly 
more difficult for the pilot of an aircraft to get in touch with the 
ground stations over the ether than to talk to his co pilot. 

The only thing that matters is the performances of the board trans- 
mitter and above all of its transmitting valves. The cathode surface 
of one type measure for instance only 3 square centimeters. The 
electron stream emitted by this little plane is able to establish 
connections over huge spaces. 


PSs = ee 





Important building elements of our technical world 


RFT transmitting valves serve as high frequency amplifiers for ultra 
shortwave and television transmitters. They are also used in all 
stages of long, medium and shortwave transmitters and at an increasing 
rate also in industrial generators for melting, glowing and hardening 
etc. 

The valve factories of the German Democratic Republic supply you 
with transmitting valves which are known for their small size, high 
performance, high mechanical stability and a long service life. 


COMPETITIVE- 
PROGRESSIVE- 
RELIABLE 
VALVE MANUFACTURERS 


Export through: Heim Electric, Deutsche Export-und Import Gesellschaft mbil, 
Liebknechtstrasse 14, Berlin C2 
Agent: Fa. Winter Trading Co., Ltd., 6 Harrow Road, London, W.2. 





Will you, please, send me free of charge leaflet on transmitting valves, high frequency 
valves, thyratrons, stabiliser valves Please underline whichever is applicable 


MESSRS. HEIM-ELECTRIC 
LIEBKNECHTSTRASSE 14 
BERLIN C2 __ 

Abt. W.u.M. 1/6 


Name Firm 


Address Country 


Remarks 


COUPON 
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ACCENT ON ACCURACY 


In this age of complex demands, the inspiration of the electronics engineer must 
be matched by the skill of component manufacturers. As tolerances are reduced 
so, more often than not, is the available space. At the same time complete 
reliability is more important than ever before. So far at least as transformers are 


concerned, this challenge is met consistently by Triad. 


Write now for your copy of the Triad Catalogue 

The current Triad catalogue lists, for instance, ‘geoformers’ with 135 dB hum 
reduction and transistor transformers occupying one-twentieth of a cubic inch... 
with some 1,200 other standard types of transformers and chokes to keep them 


company. 


* 
TRIAD-—TRANSFORMERS FOR TODAY 


*Westrex Company Limited [8 


COLES GREEN ROAD LONDON NW2* TELEPHONE GLADSTONE 5401/8 


*The Triad Transformer Corporation and the Westrex Company Limited are divisions of Litton Industries 
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WORLD LEADERS IN 
ALL TRAVELLING WAVE TUBE 
MIGROWAVE SYSTEMS 
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HIGH PERFORMANCE 


Marconi microwave systems, with capacities from 60 to 960 channels and capable of carrying high 
quality television, are designed to meet exacting international standards of performance with 
margins in hand. 


EXTREME SIMPLICITY 


Travelling wave tube techniques ensure extremely simple circuitry and make full use of high 
gain and great band width available. A unidirectional repeater consists of only three travelling 
wave tube amplifiers and one frequency change oscillator with their power supplies. 


GREAT RELIABILITY 


The use of travelling wave tubes in the repeaters has allowed considerable reduction in the 
number of valves and components used. Thus the likelihood of unexpected failure has been 
considerably reduced. 


EASY MAINTENANCE 


The design of the units ensures easy access to all parts of the equipment and the extensive 
use of printed circuitry allows speedy and accurate replacement of precision circuits by 
technician staff, without realignment of the equipment. 


EXTREME SAFETY 
All high voltages are fully interlocked. 
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The Post and Telegraph Authorities in 


ile Microwave 


more than 80 countries rely on High Capacity 


MARCONI 


COMMUNICATIONS SYSTEMS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX - ENGLAND 
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DONT SAY... 


VOLSTAT is the one simple word you need 
to remember when you are up against any mains 
voltage fluctuation problem. 


VOLSTAT stands for a range of Constant Voltage 
Transformers produced by ‘Advance’— the leading 
authority on voltage stabilization. 


VOLSTAT is backed by exclusive design, 
development and manufacturing skills which 
over many years have so often provided 

the only solution to mains voltage 
stabilization problems. 


STAND NO. Fall details in Folder M6, available on request 
B2025/6/D 


OR To ie hither tna ee ee POEBUCK ROAD - HAINAULT - ILFORD - ESSEX - HAINAULT 4444 
IT/G.0.82 
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For modern flowing design forms in radio and 


T.V. cabinets, Bextrene BC 15 offers all the best qualities. 


For Surface Finish 
BC 15 gives the high finish essential for the ‘prestige look’, ensuring success in 
this competitive market. 


For Impact Strength and Dimensional Stability 
Components in BC 15 stay new-looking. Cabinets give a high degree of protection 
to the delicate interiors—good insulating properties too. 


For Good Mouldability 
BC 15is an excellent materia] for injection moulding and sheet extrusion. Because 
of its toughness, mouldings can be ejected without fracture from relatively 
intricate dies. Bertrene BC 15 is available in a range of attractive colours. 


Write for publication No. 582 to 


EBX PLASTICS ETD eereccsircois sine. ue 


Higham Station Avenue, London, E.4. Telephone: LARkswood 5511 
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Mr. CAPACITOR sells at 


... represents a team of technical 
experts whose knowledge and ability 
are second to none. 

...iS backed by high-efficiency 
equipment and streamlined 
production facilities. 

... Makes an extensive range o7 
capacitors to a wide range of 
working voltages. 

... Makes many for run-of-the-mill 
applications. 

... Makes others with close tolerance 
capacitance values to meet the most 
exacting performance requirements. 
...Maintains his long-standing 
reputation for utmost reliability. 

.». Should be your capacitor man. 





Further information from 


TELEPHONE MANUFACTURING COMPANY LIMITED 


Components Division, Cray Works, Sevenoaks Way, Orpington, Kent 
Telephone: Orpington 26611 
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HR SA complete 50 c.p.s. Servo Unit by WALTER JONES 
ey THE ert 


a comprehensive range of 2 phase 50 c.p.s. servo motors, 30, 40, 60, 90, I10, 
150 oz. inches stalled torque. Designed to comply with joint Services’ requirements 
for shock, vibration and climatic conditions. Class F. insulation. 


2) THE TACHOMETER 
Suitable induction or d.c. tachometers can be supplied. 


3 THE GEARBOX 


Manufactured and fitted to suit your specification. 


THE CONTROL BOX 


Magnetic Amplifier, 150 watt output. 50 cycles, half-cycle response amplifier having a 
substantially symmetrical output wave by which the 90° phase relationship of the controlled 
and reference phase currents of the servo motor is maintained throughout the full 

range of output. 

The amplifier is designed to give an output torque from zero up to 150 oz. inches in both 
directions by change of control signal polarity. 

The control may be either direct current or 50 c.p.s. alternating current, since the 
amplifier is of the half-cycle response type. 

Single stage amplifier requires a direct current control for full operation of 60 mA 

from a source of 500 ohms. 

Two stage amplifier requires a d.c. control current of 2. mA from a source of 

500 ohms for full output. 

Three stage amplifiers are available when required for operation from signals of 
micro-ampere level. 

Designers and manufacturers of everything electrically rotating in the small power field. 


FPS SS SS SSS SSS SS SSS SSS SSS SS SSS SS SSBF eee ee ee 


Servo Motors: Converters and Invertors: 


Frequency changers: Permanent-magnet and Electro- 
Rotary Transformers magnet d.c. motors, d.c. 
Tape recorder motors generators and alternators 
High-speed motors: Fan blower motors: 
" voenhiaias 7 Synchronous motors: Hand generators: 

MA F. F ing! id polyph: 
DESIGNERS ACTURERS O Stag dog polyphase induction Tachometer generators: 
Geared motors and gear units: Speed governors and accurate 
Power and audible frequency governor-controlled machines: 
alternators: Speed and frequency error correctors: 


Motor-driven geared interrupters for ; 
the sending of complex repeating Special research and laboratory 
equipment. 


pulse trains: 


WA LTER JONES & GO. (engineers) LTD. rewienss park, sydenham, London, $.8.26. Sydenham 6264-$-6 
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AEI ‘ZENER’ 


voltage reference 


For precise control of voltage 
through specified slope resistance 
and temperature co-efficient 


SOME OF THE APPLICATIONS 


PrePhied 


Stabilised power supply, Accurate voltage ref- 
erence source, Voltage surge suppression, Over- 
voltage protection, and numerous other applica- 
tions in the fields of instrumentation and control. 


Ratings 


Reference Voltage at 20 mA Dynamic slope resistance at 20 mA Max. Reference current at 25°C 








$= 
g ? 


Typical Max. Min. Typical , Stud-mounted | Wire-ended 
volts volts ohms 





VR35 
VR425 
VR475 
VRS25A 
VR525B 
VRS575A 
VR575B 
VR625 
VR7 
VR8 
VR9 
VRIO 


3-5 

4-25 
4-75 
5-25 
5-25 


WONAUUUAR AWD 
ara Ar RAOAAOOAVSO 
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Write for full details to: 


Associated Electrical Industries Limited 


Electronic Apparatus Division 


VALVE AND SEMI-CONDUCTOR SALES 
LINCOLN, ENGLAND 
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You can buy long life 


Not (as yet, anyway) for yourself or any other member of the human race, but certainly for 
transformers, because long life is just one of the qualities built into every Savage Massicore. 
Many of our transformers whose origins are now shrouded in the mists of time are still doing an 
honest day’s work—a fact made obvious by some of the letters we receive, one of which from 
T.McD. of Earlsfield reads “‘A transformer and two chokes of your make purchased about 1932 
are still doing yeoman service.’ The secret of this longevity in Savage transformers is a combina- 
tion of many things:—the use of only the highest quality materials, painstaking care in 
manufacture evident in the above illustration 
of transformer winding, exhaustive testing of 
the finished instrument and, above all, the 
kind of technical know-how only gained 

after many years’ experience of designing causer aaeanaee 
transformers for special applications. Primary impedance 12000 ohms. Secondary 


impedance 0:1 ohms, To handle 2-4 kilowatts 
at frequencies between 10 K/c and 100 K/c 


If you have a transformer problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 


Tel: Devizes 932 


TP/72 
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NEC HAS EVERYTHING FOR TV BROADCAST 


From image orthicon camera chain right through to the antenna—NEC manufactures 
matched TV station equipment. Over 60 installations, from 1 kw to 50 kw, have logged 
hundreds of thousands of hours of trouble-free operation. 

Wave characteristics meet the requirements of all radio regulatory groups. The wide band 
characteristic, good linearity and transient response give picture reception unsurpassed by 
any other equipment. 

You can take advantage of this rich video experience by contacting NEC at the early planning 
stage. NEC’s one-contract turnkey service can mean a considerable saving in time and 
money. Write for brochure describing a typical NEC 5/10 kw TV broadcasting system. 


New Transmitter Features: 


ACCESSIBILITY Unit panels are hinged to swing 90° for easy main- 
tenance. Overload relays and lamps give maximum circuit protection. 
STABLE OPERATION Because of non-synchronization to power frequen- 
cy, there is no interference with visual transmission when power source 
varies from rated cps. 

MID-LEVEL MODULATION Driver stage modulation results in 10% econo- 
my of power and eliminates critical factors in selecting amplifier tubes. 


Electronics / Communications Systems 


<> Mippon Electric Companty Ltd. teryo, spon 
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Potentiometric recorders for research and industry 


These high-speed Potentiometric Recorders 
are continuously self-balancing, use electronic 
power amplification and motor drive. 

The chart, which is 10” wide, can be traversed 
in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
the latter with § or 15 seconds printing 
interval. High sensitivity: instrument 

responds to signals of less than 1 microvolt. 
Ranges: from 500 microvolts for single-point, 
1 millivolt for multi-point models. But much 
more can be learned from Technical Publication 
2042 from Instrumentation Division, Associated 
Electrical Industries Limited. 


instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 


Associated Electrical industries Limited fone 
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DECCA RADAR 


Enquiries should be addressed . 


Microwave Sales Division, 
Decca Radar Limited, 
Albert Embankment, 
London, S.E.11 

England. 


ELECTRONIC ENGINEERING 


Complicated Transmission line section 


Deccaforms... 


Electroforms 


for microwave 
applications 


Decca Radar Limited have established a new service for engineers in 
the microwave and allied fields to provide for the design and manu- 
facture of complex transmission line parts. 


The Process employed is based on the electro-deposition of copper 
and enables parts to be produced very economically without fabrication. 


Deccaforms, as these parts are called, have many advantages : 
@ Ease of production. 
@ Excellent mechanical and electrical properties. 
@ High repetitive accuracy. 
@ Small space requirement. Waveguide bands and twists need be only 
approximately 3} the normal length due to the accuracy of Deccaform 
manufacture. 


@ Economical production of prototypes from sketches where necessary. 


Decca Radar Limited provide a complete service comprising consulta- 


tion, design, prototypes and quantity production. 
ap ORII7 
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PMA. 


Leadership Qh x escs 


; #35", COBALT 





a. ALNI 


mm¢#ALCOMAX | 


SERVING A CHANGING WORLD 


Almost every technical advance in such spheres as 
radar, television, automatic train control, factory 
automation and nuclear power stations introduces 
requirements for yet more PMA _ permanent 
magnets. Advances in the technique of permanent 
magnet manufacture have facilitated improvements 
in the design of magnetic equipment. 

PMA members collaborate in magnet design, 
taking full advantage of the ever-greater range of 
materials developed by 
the PMA Central Re- | COBALT STEEL 


search Laboratories. P covumax ) MAGNET 
GER ivi couurnan | REPLACED By 


ALCOMAX MAGNET 


Bivin pass 


TELEPHONE 


Illustrated here are 
critical designs of ellip- 
soidal magnets in various 
alloys. 


Each magnet works at 
BH max. throughout its 





magnetic energies. 


volume. All the magnets 
produce equal external fanaco 


COBALT 
STEEL | 
1) MAGNET | 
REPLACED 
BY 
ALCOMAX 
MAGNET | 


cM 


MAGNETO 


CAST SINTERED CERAMIC and FORGED MAGNETS 


PERMANENT MAGNET ASSOCIATION 


Pioneers and Leaders in Permanent Magnet Materials 


SHEPPIELD 
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DOING THE IMPOSSIBLE 


Design headaches have a habit of melting away “ss 
after you’ve consulted with Marston. For Marston 
flux-dip brazing of light alloy components makes 
the impossible possible—enables you to do the 
electronic equivalent of getting a quart into a 
pint pot. You can forget about the restrictions imposed on 
design by conventional brazing. You can forget 
about the accessibility of joints. Practically nothing’s 
too awkward or complex for flux-dip brazing, and 
not only does it give you perfect electrical joints at 
every point: you get lightness, strength, rigidity and 
smooth finish as well. If you’ve a design problem— 
whether it’s the assembly of waveguide components, 
the construction of a honeycomb chassis or something 
really complicated—consult with Marston’s experts. The 
chances are that they can help you achieve the impossible. 


MARSTON EXCELSIOR 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND. 
(A subsidiary company of Imperial Chemical Industries Ltd.) 


MAR 262 


ELECTRONIC ENGINEERING AUGUST 1960 





EE 249035 for further details 


ore (S ICv. stabilized 


d.c. supply at 4 amps 
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How to obtain high current 
constant voltage D.C. supplies ? 


Wo 
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You could use cumbersome batteries, 

with their need for constant attention, but it 

is far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant Voltage D.C. 

Supply Units. This latest development in the application 

of Constant Voltage Transformers can be used to provide 

various d.c. supplies up to quite high current levels, as used in 
computers and data processing equipment. We shall be pleased to 
arrange for one of our technical representatives to call and discuss your 


requirements. 























These new D.C. Supply Units .... 
@ Provide HIGH CURRENT OUTPUT AT LOW COST NETT PRICE 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT RATINGS IN U.K. 
@ Have HIGH ENERGY RESERVOIR, thus are suitable 

a 1.25 amp _ £20 
e 








for pulse, intermittent or variable loads 4.00 amps £25 
1.25 amps £20 


4.00 amps 
1.00 amp 


: 5.00 amps 
es b 1.00 amp 
: em 4.00 amps 
| \ ‘ 
* \ Pst 
\ hs ae 


Operate with HIGH EFFICIENCY 











y 


CONSTANT 
VOLTAGE 


D.c. POWER SUPPLIES 4 
Full technical details available in leaflet MB.101 f 
AWwCe COMPONENTS LIMITED 


en MAINS STABILIZATION DIVISION [FO 


IT/GD 77 
ROEBUCK ROAD « HAINAULT « ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 
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A better job in Fibre Glass moulding 


A ETI Plastics mould these electrical service 
fuse boxes in Premix Fibre Glass and make them 
tougher, safer and more reliable than the older cast 


iron and porcelain assemblies—for the same price! 


Premix Fibre Glass is a wonderful material for jobs like this because it is strong enough to replace the cast 
iron box and its electrical properties are so good that you can mount the current carrying parts directly on 
the moulding. Result: fewer parts, lower assembly costs, easier maintenance and longer life. 
Premix Fibre Glass mouldings are in a special class midway between phenolic mouldings and alloy castings, 
combining the good qualities of both: exceptional impact strength, dimensional stability and heat resistance 
with high insulation resistance and freedom from tracking plus the advantages of plastic moulding techniques. 
A EI do a better job in plastics and they know the right one for your product. Give them a sample—even 

if it is already made in plastics—and its pretty certain they’ll be able to give you a still better job in 


plastics. Let them see the project in the design stage and they'll show you how it can be cheaper, simpler 


and better in plastics. 


You are invited to get in touch with 


AEI! Plastics (Aldridge) Limited 
Formerly ALDRIDGE PLASTICS LIMITED 


ALDRIDGE Redhouse industrial Estate Staffordshire Te!: A. Dridge 52031 
LONDON E.C.4. 38-39 Upper Thames Street Tel: CENtral 2332 


MANCHESTER 13. 92 Oxford Road Tel: ARDwick 4118 
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VIBRON ELECTROMETERS by - 


VIBRON ELECTROMETER 


The Model 33B Vibron Electrometer is a general 
purpose laboratory d.c. amplifier. The use of the 
VIBRON, a dynamic capacitor modulator of great 
precision, ensures both a high input resistance 
(around 10'* ohms) and a zero stability—better 
than 100 »V in a 12-hour period. The instrument 
has five ranges extending from 10 mV to 1 V, 
giving a discrimination of 0.1 mV on the lowest 
range. It is possible with this instrument to measure 
currents down to 10 A, and resistance beyond 10” 
ohms. 


VIBRON FLAME DETECTOR AMPLIFIER 


The Model 56A Vibron Flame Detector Amplifier 
is designed to amplify the small currents generated 
in flame ionisation detectors used in gas-liquid 
chromatography. Two outputs are provided for 
operating either a potentiometric recorder or a 
moving coil indicator or recorder. 

The choice of four input shunt resistors and five 
amplifier sensitivities enables currents in the range 
210° to 10° A to be measured with great 
accuracy. 


VIBRON LOGARITHMIC 
ELECTROMETER 





The Model 55A Vibron Logarithmic Electrometer has been designed 
to measure voltages and currents varying over four decades without range switching. 
One application of the instrument is shown here, where it is linked with a tissue 
equivalent ionisation chamber to measure gamma and neutron fluxes. With this 
arrangement variations in background radiation can be accurately recorded and any 
very large increase in radiation intensity will be immediately indicated. This electrometer 
is characterised by its sensitivity and stability, and it is capable of measuring currents 


down to 2“ 10° A. 


ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND - SURREY 


ENGLAND 


Richmond $656 
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(Mon PHY-AICHARDS 


special “thin-flash” type for grille mould 


Beetle D.M.C. is the material used for the grille of the Morphy-Richards 


Fan Heater because it offers high heat resistance and good appearance. 
The use of D.M.C. posed a flash-removal problem in relation to the many 
apertures, as the moulders, Crystalate (Mouldings) Ltd., specified a very 
thin flash line. Accordingly, B.I.P. Chemicals Ltd. developed a special type 
of material (D.M.C. L.1834) which, in combination with a tool made to 
close limits, ensures a consistently thin and easily removed flash. 

Beetle D.M.C. combines heat resistance with strength, dimensional stability 
and excellent insulation properties. The development of a special type for 
a single application typifies the extent of B.I.P. services in relation to 


individual problems and requirements. 


it e i é L fE Heat resistance, dimensional stability, streneth and electrica 


ov ne the features makine D.M.¢ 
the ideal mate grille ulding by Cr f 
wv, Kent 


Polyester qj ough rm oulding © ompound Mie 


insulation p 


B8.1.P. Chemicals Limited, Oldbury, Birmingham. Phone BROadwell 2061 
Eee, London Office: Haymarket Houss, 28 Haymarket, S.W.1. Phone TRAfalgar 3121 
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Maximum Working Size Size 
Capacitance Voltage (Diameter) (Length) 
MFD 


A," 
6" 
V4" 
6 1/0" 
WELDED WIRE TERMINATIONS—Patent applied for 
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MORPHY-RICHARDS 








Beetle D.M.( the material used for the grille of the Morphy-Richards 
an Heater because it offers high heat resistance and good appearance. 
The use of D.M.C. posed a flash-removal problem in relation to the many 
apertures, as the moulders, Crystalate (Mouldings) Ltd., specitied a very 
thin flash line. Accordingly, B.I.P. Chemicals Ltd. developed a special type 
of material (D.M.C. 1.1834) which, in combination with a tool made to 
close limits, ensures a consistently thin and easily removed flash. 
Beetle D.M.¢ ombines heat resistance with strength, dimensional stability 
and excellent insi or properties The development ofa special type for 


1 ingle applicat m typifies the extent of B.I.P. services in relation to 


, , , 
individual prot! I and requirements 
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Polyester qi ough rm oulding © ompound 


8.1.P. Chemicals Limited, Oldbury, Birmingham. Phone BROadwell 2061 


London Office: Haymarket Hous:2, 28 Haymarket, S.W.1. F e TRAF sar 3121 
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wire terminations 














MASTERPIECES IN 
MINIATURISATION 


Advanced production methods incorporating 
such ‘important refinements as welded 
~ terminal wires, enable Swindon Condenser 
Company Limited to offer the smallest 
electrolytic capacitors of their type in the world. 
These masterpieces of miniaturisation 

- are an outcome of advanced basic research. 
The type of research that is widely 
associated with this Company and its 
petonny eee er 


SWINDON 
CONDENSER COMPANY 
LIMITED 


Industrial Estate, Swindon, Wiltshire 
Telephone: Swindon 6751/2 


6 


— 








L.F. Noise Generator type RG. 77 


Uniform power per unit bandwidth up to 10 c/s. 
Self-contained, portable. 





Low Frequency waveform 
generator type LF. 51 


Over 30 different waveforms, sines, ramps, 
square, sine squared, trapezoidal, etc. 
Sinewaves down to periods of 33 mins. 
Unique half-cycle and one-cycle facility. 


Transfer Function Analyser TFA. 46 
Steady readings down to periods of 10,000 
seconds (2? hours) 

Insensitive to harmonics and noise. 

Mechanical output and modulated carrier, as 
well as normal sinewave output. 
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SERVOMEX 


AUTOMATIC 
CONTROL 
SYSTEMS 


As specialists in feedback control systems, 
Servomex (and their associated company 
Feedback Limited) can offer hardware and 
services covering many applications in the 
servo and process control fields. 


ELECTRONIC ENGINEERING 
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Lets’ be PERFECTLY GLEAR... 


CLEAR VISION 
demands 
POSITIVE ACTION 


The 


provides spot-on tuning in its most compact and 
convenient form. Shaped to the cone of a tube, 
it occupies space which is virtually unusable by any 
other component. It offers a choice of any 4 of 
13 channels, in any order, with the fine tuner for 
each button available from the front of the set. 

Every feature of the Cyldon Press Button Tuner 
has been designed to ensure that under operating 
conditions accurate re-set is obtained, coupled with 


long life, stability and low thermal drift. 


@ Supplied complete, pre-aligned and ready for installation in the receiver. 
@ High gain. 


@ Absolute stability. 





Channels 


Gain Noise 1.F.Rej Image Rej_ S.W.R. 








Band | 


Band Il 
(F.M.) 


Band Ill 


Greater Greater 2.3:1 Max. 


than 40dB_ than 70dB 


51dB 4.5 db 
average average 


51dB average over full F.M. Band 


Greater Greater 2.0:1 Max. 


than 40dB_ than 70dB 


49dB 6.5dB 
average average 





Low noise. 


@ TV and TV F.M. versions available NOW. 


SYDNEY S. BIRD & SONS. LTD. °°°'« 
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Full details 
supplied on 
application 
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Designer and operator agree 


on ‘English Electric’ 


240° scale instruments 





for switchboard mounting... 





This range of instruments of advanced design are widely accepted by designers and operators for 
their long, open scales, good functional appearance and reliability. 
Their design permits ‘on site’ modifications or maintenance without disturbance of the original 


accuracy. Models are also available for direct wire remote indication. 


DIVERSITY OF CASE TYPES 


The variations in size and shape of cases in this range of 
matching instruments are designed to give high legibility 
and attractive groupings even in panels of restricted 
size. 

Moving tron 4’, 6’, and &” scales; Square front and 
body, flush; Round front and body, 
flush and projecting. 

Moving Coll 4’, 6’, and 8” scales; Square front and 
body, flush; Round front and body, ( 

j 


Square Flush Round Flush 


flush and projecting. 34” scale; 
Square front and round body, flush. 

Dynamometer 4’, 6’, and 8” scales; Square front and 
body, flush; Round front and body, 
flush and projecting. 


For literature giving full details, write to: 
The ENGLISH ELECTRIC Company Limited, 
Instrument Department, Stafford 


ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD . PRESTON . RUGBY ° BRADFORD . LIVERPOOL . ACCRINGTON 
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80% 


HIGHER OUTPUT CURRENT 


with the 


2Mcs 


"PA | VS.10.H 











TROCHOTRON 


This new beam switching tube is the second in a range of Trochotrons under 
development by Ericsson Tube Division. Its outstandingly high current 
output offers a ready means of directly operating any of the series of 
Digitron® register tubes or similar devices including electromechanical 
registers. Its high speed will be of particular interest to engineers engaged 
in the design of nucleonic equipment, digital computers and other switching 
‘» applications. The circuitry associated with the Trochotron being simple, 
gives added reliability and consequently saves on component costs. The 
overall dimensions of the VS.10.H are the same as the earlier VS.10.G. 





[ BRIEF SPECIFICATION 
Max. Target Voltage . . . . 300¥V Min. Input Pulse Duration . 0.25 uS 
Nom. Spade Voltage . . . . I40V Max. Counting Speed . . . 2Mc/s_ | 
Max. Target Current . . . I8mA Heater 63V . ... . OSA | 
| 


N.B. The VS.10.H specification embraces that of the VS.10.G 





@ The whole range of Trochotrons will be colour coded for ease of identification. 


Fer further details write te: The Technical Services Dept. VS.10.G—Red VS.10.H—Yellow 


SS SSONG TUBE DIVISION 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 
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SCREW-FIXING 
IS FASTER 
THAN EVER! 


*“Rawlplugs are by far the speediest method of screw-fixing in 
the world’—you’ve known that for years. But have you noticed 
how much faster even Rawlplugs are today, with the sensational 
Rawiplug drills and power tools now available for drilling the 
holes in all kinds of masonry? It’s well worth looking into! 














FOR ALL SCREW SIZES 


There’s a Rawiplug for every size of screw up to }?” diameter coach 
screws, which take a load of 4 tons. 

Rawiplugs are the fixing for neatness as well as speed and strength—no 
mess, no damage to surrounding materials, almost invisible in position. 
Being rotproofed and waterproofed during manufacture, they can be 
used under all climatic conditions. Screws can be withdrawn and 
replaced without affecting the efficiency of the Rawiplugs. 

Write now for illustrated literature containing full details 

of Rawiplug Fixing Devices and the many high 

performance Rawiplug tools (hand, electric and pneumatic). 


THE RAWLPLUG CO. LTD., 
CROMWELL ROAD, LONDON, S.W.7 
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HIGH EFFICIENCY 
BORING TOOLS AND DRILLS 


For cutting holes in any material— 
concrete to glass—Rawlplug tools are 


the speediest, most efficient 
and durable in the world. 
Sizes and types to meet every 
need—hand, electric or air 
power. Among hand 
percussion tools are Rawl- 
drills, Stardrills, Tubular and 
Wall Boring Tools. For hand 
or power—Durium, the 
world’s fastest masonry drill, 


and Durium Glass Drills. 
Power only—Vibroto, Rawlcrete, Durium Hammer Drills, etc. 


R.P.2 

Two-speed 

ELECTRIC 

DRILL Keyless Chuck 


At the touch of a button you can change the speed of this drill 
from 1200 r.p.m. to 420 r.p.m. which is the ideal speed for 
Durium Masonry Drills. Chuck capacity is 5/16’. Finger tight- 
ening holds the smallest drill in rigid grip which increases with 
the load yet can be easily released. 


RAWLPLUG DRILL HAMMER 


This ingenious attachment converts a suitable 
electric drill into a Power Hammer which rapidly 
bores holes in even the hardest masonry! 

A sturdy high-precision tool, thoroughly 
proved and used by famous Contractors, 

the Rawiplug Drill Hammer is a 

magnificent time-and-money saver. 

Suits any electric drill with working 

speed up to 2000 r.p.m. and 

minimum }” chuck. Speed—one 

blow per chuck rev. Weight of 

blows adjustable ‘light’, ‘medium’ 

and ‘heavy’. 


Rawiplug VIBROTO 
Drilling Machine 


The performance of this sensational 3 in 1 
power tool must be seen to be believed— 
three high-precision machines in one! 

The Vibroto R.V.1 machine provides 

(1) dual vibration action (with Vibroto 
Drills, faster masonry drilling even than 
Durium!); (2) Rotary action for standard 
Durium Drills; (3) general purpose tool for 
use with standard twist drills. Vibration 
frequencies 7,500 and 11,200 per minute. 
Weight 9 Ib. Length overall 184”. Fully 
guaranteed. The R.V.2 machine is a smaller 
version and although lighter in weight it has 
all the advantages of the R.V.1 for drilling 
holes in masonry up to No. 14 using 
Vibroto hard-tipped drills. 


Telephone: FREMANTLE 8111 (10 LINES) Telegrams: RAWLPLUG SOUTHKENS LONDON 


The world’s largest manufacturers of fixing devices 
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Gwe Centuries of Precious Metals 


*‘Over the past 200 years we have 
developed a service in precious metals 
to Industry throughout the World. 


Our skill and experience is at your disposal, 
1760-1960 whether it be for silver solders and 
brazing alloys, electrical contacts and 
contact materials or precious metals 
in any form to meet today’s 
ever increasing requirements. 


Our technical representatives 
are always available to discuss 
your particular requirements.”’ 


Te 


COMPANY LIMITED 
HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
ALSO AT LONDON AND BIRMINGHAM. 
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Looking for an audio-frequency 
Wave Analyser with variable bandwidth? 


Wave Analyser 


Type FRA2T 


3 BANDWIDTHS 


2-25 - 125 c/s (-1 dB) gives 
convenient tuning over the 
entire frequency range and 
permits measurement on 
frequency-modulated _ sig- 
nals (wow). 





Built-in Tone Generator (B.F.O.) for selective measurements with provisions for 
remote control of output. The B.F.O. can be offset from the Analyser Tuning frequency 
by 0 to 16 kc/s for intermodulation measurements. 

Spectrum Recorder. The Analyser can be coupled (also mechanically) to a type NS3 
Recorder which operates with frequency calibrated paper. A complete recording is 
made in 130 seconds on 20 cm length of paper. The Analyser-Recorder combination 
can make recordings of frequency spectra and of selective measurements. 


Frequency Dial: 0-16 kc/s with linear calibration up to 100 c/s for high resolution 
at low frequencies, logarithmic to 200 c/s and linear to 16 kc/s. Accuracy: 0.5% +I ¢s. 


Incremental Dial from 0 to + 60 c/s, direct reading. 


15 Ranges from 100 microvolts to 1000 volts. Hum and noise below 2 microvolts. 
High input impedance (2 megohms) on all ranges. 


The Wave Analyser is also available without Tone Generator (B.F.O.), type FRA2. 


Write for complete information 


RADIOMETER 


72 Emdrupvej, Copenhagen NV, Denmark 


Represented in Great Britain by: 
Livingston Laboratories Ltd., Retcar Street, London, N.19. 
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ELECTRONIC ENGINEERING 


When seeing must be believing 


Measuring instruments are made to be seen and believed. They must 
be seen on occasions when the attention is half-focused or even 
distracted. And they must advise with hair’s-breadth accuracy a state 
of affains which may be occuring at the speed of light a great distance 
away. 

Accuracy, reliability and readability are the three acknowledged com- 


ponents of Pullin design. 


PULLIN. FOR PRECISION 


MEASURING INSTRUMENTS CPULLIN) LIMITED 
Electrin Works, Winchester Street, London, W.3. ACOrn 4651 & 8801 


London Showrooms: 
Electrin House, 93-97 New Cavendish Street, London, W.1. LANgham 4551-6 
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The English Electric Valve Co. Ltd manufacture a 
comprehensive range of cold cathode gas-filled 


V 0 ta e voltage stabilisers for providing a sensibly constant 
9 output voltage from a source of supply liable to 
sieia fluctuation. These products are noted for their 
Sta DI ise r S reliability and conform to British Service specifications. 
Your needs for general, rugged or high stability type 
stabilisers and reference tubes are covered by our range, 


which is the most extensive provided by any 
valve manufacturer in Great Britain. 


This revised publication 
gives you full data and 
will be sent on request. 


‘ENGLISH ELECTRIC’ S 


AGENTS THROUGHOUT THE WORLD 





Chelmsford, England 
Telephone: Chelmsford 3491 


AP28A 
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_— 


Dont hesitate - 
always rw PAINTON Wirewounds 


iccuiitece of our miniature range 





Rati Resistance 
(at 20°e) | TYPE a 
Watts 


Tolerance 





Min Max 


4 1 9-9 10% 
10 | 6,800 5% 


7 2 |68,000 5% 
10 4 {140,000 5% 
5 306A 1 33,000 5% 























ow », 


PA +4 TON Protected by Patent Nos. 626128 & 675279 
1 Fully Type Approved to RCS 111 
Top Quality *« Quick Delivery 
Competitive Prices 





Painton & Co.Ltd. | 
KINGSTHORPE NORTHAMPTON. : , 
Tel: 34251 (10 tines) - Grams ‘Ceil, Northampton’ High Stability Cartons too! 
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Gest oases 'NCREASES PRODUCTION EFFICIENCY IN INDUSTRY 


English Electric Valve 
Co. Ltd. use ‘Fluon’ 


components in travelling 
wave tube for 


radio link equipment 


Because it is the best of the solid dielectrics, having a 
very low permittivity and power factor, and is an excellent 
electrical insulator, ‘Fluon’ p.t.f.e. is used for components 
in the travelling wave tube, made by English Electric 
Valve Co. Ltd., Chelmsford, for radio link equipment. 
One of the most important outlets of ‘Fluon’ is in 

the electrical and electronics industries. It is 

being used in a wide variety of ways ranging from 

cable and wire insulation to TV antennae insulators ; 
from a high temperature condenser dielectric to 

low friction bearings for variable resistors. 

Apart from its excellent electrical properties, ‘Fluon’ 

has many other advantages. It has a remarkable 

working temperature range from + 250°C. down to 

liquid nitrogen temperatures. It is tough yet flexible, 

and has good impact strength. It is chemically inert 

and has a non-stick surface which is self-lubricating. 


‘Fluon’ is the registered trade mark 
a ee Oe OO Mae for the polytetrafuoroethylene 
manufactured by I.C.I. 


‘Fluon’ components in travelling 
wave tube made by English Electric 
Valve Co. Ltd., Chelmsford. 


Q IMPERIAL CHEMICAL INDUSTRIES LIMITED -LONDON - 8.W.1 
prey 
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progress 


Behind the spectacular advances man is 
making in his preparations for the greatest 
stride of all—the first entry into space— 
lies great progress in a host of technologies 


and skills. Prominent among them is 
instrumentation, which in turn depends 
for progress upon the fundamental science 
of metallurgy. 

Johnson Matthey products for the instru- 
ment industry stem from the company’s 
century-long experience of specialised 
metallurgy. Supported by intimate know- 


Precision drawn resistance wires . Nickel cathode ledge of requirements this experience yields 


OS OO 
REAR RK RR 


O 


>? 
2 
76", 


tubes . Grid support wire . Contacts and contact 
springs . Rhodium electrodeposits . Silvered mica 
capacitors and plates . Fine fuse wires . Platinum: 
rhodium-platinum thermocouples . Mallory 73 
Beryllium Copper wire and strip . Bourdon, capil- 
lary and pointer tubes . Wires for resistance 
thermometry . Silver brazing alloys. 


materials and components that will contri- 
bute substantially to the quality, accuracy 
and reliability of the instruments of the 
future. 


Specialised Products of 


Johnson My Matthey 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.1. Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79, Eyre Street, Sheffield, |. Telephone: 29212 


E91 
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NEW VERY HIGH SLOPE SCREENED HF PENTODE 
EDISWAN MAZDA 6F24 


The 6F24 has a slope of 15 mA/V at 10 mA anode current and 
a high “Figure of Merit,” both results achieved by incorporating 
the new frame grid technique. This new screened HF Pentode 
enables improved performance te be obtained as an IF amplifier 
in a.c. or a.c./d.c. television receivers. 
Heater Voltage (volts) .. ie V, 6.3 
Heater Current (amps) .. as I, 0.3 
TENTATIVE RATINGS AND DATA 
Maximum Design Centre Ratings 
Anode Dissipation (watts) .. _ Dieruinn 
Screen Dissipation (watts) .. “i Pai max) 0.8* 
Anode Voltage (volts) me phi Vesuaas 250 
Screen Voltage (volts). . oa V sees 250 
Heater to Cathode Voltage (volts rms) Vessesiisinies 150T 
Control Grid to Cathode Tentative characteristic curves of Ediswan Mazda Valve 
Resistance (megohms) a Ret-kcmax) 0.6t Type 6F24 
*With grid to cathode resistance not exceeding 10 kQ 
+tFrom cathode to higher potential heater pin. anooe | CURRENT —= * 
TWith Pyimaxsy) = 2 W3 Permax) = 0.5 W; and assuming a common SCREEN CURRENT --<- 
anode and screen decoupling resistance < 2.2kQ + 10%. 


Inter-Electrode Capacitances ( spa 
Input Capacitance a re Cia 
Output Capacitance .. es cs Cout 
Grid 1 to Anode Sa oa es Coie 
Grid 1 to Grid 3 i ‘6 a Cgi-gs 
Grid 1 to Grid 2 oe oe oe Cgi-2 
Grid 1 to Cathode... a ry: Coie 
Grid 2 to Anode vs ‘“ aa Crt 
Grid 3 to Anode hl 
§Measured in fully shielded ‘socket, without can. 
TYPICAL OPERATION 
Anode Voltage (volts) 
Screen Voltage (volts). . vif 
Self Bias Resistance (ohms) i 
Anode Current (mA) . 
Screen Current (mA) .. ‘ 
Mutual Conductance (mA Vv) 
Inner Amplification Factor (g, to g.) 
Equivalent Grid Noise 
Resistance (chms) .. 
Input Loss at 38 Mc/s (Pins 1 and 3 
strapped) (kQ) - Tgi-xcw) 
Working Input Capacity** Measured 
at 38 Mc/s (pF) ite Cinw) 
Change in Input Capacity produced by 
biasing valve to cut-off. Measured 
at 38 Mc/s (pF) . AC) 3.4 
Figure of Merittt (Valve only) (Mc/ 's) 375 
Effective Figure of Merit (Valve and 
Circuit) (Mc/s) ‘ 220 
**Inter-electrode capacity w ‘with holder capacity ge out. 
ttGiven by gu x 1% see “‘Aspects of Design’ No. | for 


2rvVv Cinjw) Cout 


further details. (Wireless World July 1958.) 
Base: B9A (Noval) Mounting Position: Unrestricted 


Fab 


SOANSOSONS 
Now RBaAe 
a 


»a— 
su 
ANODE AND SCREEN CURRENT ~MILLIAMPS 












































MUTUAL CONDUCTANCE =MILLIAMPS/ VOLT 



































VIEW OF FREE END 
“3 “2 


Maximum a a GRID VOLTAGE -vOLTS 
Seated Height 49 
Diameter 22.2 


Associated Electrical Industries Ltd EDI SWAN 


Radio and Electronic Components Division 


Technical Service Department, 155 Charing Cross Road, London, W.C.2 M A z D A 
Tei: GERrard 8660. Teiegrams: Sieswan Westcent London CARCIS/S7 
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regulated - well ventilated P power supplies 


Two of mode! 

V300/200 mounted in 

one suitable frame 
measuring 173" x 173° x7’. 
This shows one of 

many methods of 
mounting these units 


Brandenburg recognize the importance all models—types V and HV 

reversible 

0-1 ohm 

against + or —10% mains change: 0-02% 

lies: and th d desi less than ImV 

power supplies; and the improve esign 200/250 volts, 50 cycles 
100 and 200 mA models: 4x6-3V, I-5A. 

for rack mounting of the new Brandenburg 350 and 500 mA models: 2x 6-3V, SA. All 
can be paralleled . 

"y’ dimensions 100 and 200 mA models: 153” x 53” x 62” high. 

V’ range introduces a wide centre 350 mA models: 158° x 74" * high. $00 mA 
models: two chassis, each “x 5B’ x 63° 

ventilation. Additionally, there is easier high. Flanged open chassis, ~ F foe 
available for converting all models to front 


access to all components panel mounting 


of adequate ventilation in regulated unit 





D.C. output 
Model Model Prices High current 
m [Amps models | Veits 














V200/100 V200/350 
V250/100 £37 10 0} 250/350 
V300/100 ex-works | 300/350 
V350/100 V350/350 


350 
oo HV250/1A 
350 
350 

V200/200 V200/500 a HV250/2A | 250 £230 0 @ 
500 
500 


250 
HV300/IA | 300 
HV350/IA | 350 


£140 0 0 
ex-works 





V250/200 V250/500 
V300/200 300/500 HV300/2A | 300 ex-works 


V350/200 V350/500 HV350/2A 350 
V400/150 complete with 19” front panel and assembly 






































Brochure on request: for further specifications of the Brandenburg ‘V' range please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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standard high voltage regulated power 
supplies—up to 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530, model C 


output 

input 

polarity 

50 kilovolt regulated supply regulation 


output current 


output voltage 
gt 


onwelghe 


Type MRSOR 


100 kV. 


Type $0530 

1 to 10 kV at 2mA. Model A 

2 to 20 kV at | mA. Model B 

3 to 30 kV at § mA. Model C 

500V to 5 kV at 2 mA. Model D 
200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5%. 
Against mains variations of plus or 
minus 7%, better than 1% 

5” Ernest Turner movement 

current metering jack 

standard 1% x 104" P.O. panel 

for rack mounting or bench use 


itso *~ 


Models A, B and C can be supplied with 
reversible output polarity at £165 


Type MRSOR 

5kV to 50kV at ImA 

200/250 volts 

reversible 

against full load: better than 1% 

Against mains variations: +5%,—5%,» better than 1% 
W: 24” H: 23” D: 15” 


Ye 


100 kilovolt regulated power supply 
Type MR/IOOR—3 models 

0.5 mA. Model MRIOOR/500 

1 mA. Model MRIOOR/! 

2 mA. Model MRIOOR/2 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to fulljload: better than 1% . Against mains 
variations of plus or minus 7%, better than 1% 
200/250 volts, 50 cycles 

output voltage and current metered by 5” 
Ernest Turner, Model 

overall: H: 4’ 6”, W: 2’ 0’, D: 2’ 3” 


0 

0 
MOBILE BASE 0 
all ex-works 


£18 


Brechure on request: for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure 





BRANDENBURG 


LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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G.E.C. switching transistors for high speed operation! 


One hundred and twenty millimicroseconds— 
that is the rise time which can be obtained 
using G.E.C. germanium p-n-p transistors. 

Peak collector current rating is 150 mA, and 
maximum junction operating temperature 85°C. 


The GET 871, GET 872 and the new GET 875 are 

designed for use in computers, scaling units, 

counting circuits, shift registers, waveform 

generators and similar applications. 

These transistors are immediately available from stock. 


Minimum Typical Transient 
fa (Mc/s) Response 
FE (for circuit details, 
Vea™ —IV, a” —6vV, see data sheet) 


1.=25mA I=lmA 


Maximum Ratings 


Fuller information is available on request. G.E.C. also makes a range of high-speed switching diodes, 
described in Semiconductor Application Report No. 14. 


SEMICONDUCTORS 


THE GENERAL ELECTRIC COMPANY LIMITED, SEMICONDUCTOR DIVISION, 
SCHOOL STREET, HAZEL GROVE, STOCKPORT, CHESHIRE 


Tel: Stepping Hill 3811, or, for London area, phone TEMple Bar 8000, Ext. 10. 
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Where great 
things are 
done with 


Microwaves 


RADAR: Fire Control - Navigation of Aircratt and Small Ships - Automatic Landing - Missile 
Guidance - Transponders «© COMMUNICATIONS: Multichannel Radio Links for tclemetering 
Data and Speech ¢ VALVES: Klystrons and Magnetrons for 35/GCS and 75/GCS bands - Monitor 
Diodes for 1/GCS to 35/GCS ¢ INSTRUMENTS : Comprehensive Waveguide measuring circuits 
covering 6 to 75/GCS + RESEARCH: Outstanding Research and Development of the latest techniques 


COMMUNICATIONS DIVISION - RADAR DIVISION - VALVE DIVISION 
MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT BROTHERS (LONDON) LTD 


Elstree Way, Borehamwood, Hertfordshire - Elstree 2040 
Airport Works, Rochester, Kent - Chatham 4/4400 


Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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Rapid, high-quality photoprinting 


The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42/63 Mark II) employs safe, odour-free 
AZOFLEX chemicals—just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office. 


Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 in. to 154 ft. per minute. Lamp: H.P.M.V. MA/U 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 Ib. 


Subject to certain conditions, the majority of AZOFLEX photoprinting 
machines can be hired as an alternative to outright purchase. 


ILFORD Peeerieee 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT AZI7G 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 
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Exposing, developing and drying operations 
compietely synchronized. 

All controls accessible from comfortable 
working position. 

High continuous output easily maintained by 
one operator. 


Excellent copies obtainable from old or faded 
originals. 


Comprehensive maintenance service available 
at nominal cost. 
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$-Band 
Me GE 18" Dower 


Ferrite Isolators 
2-€ series 


RATINGS 
AND 
CHARACTERISTICS 


Range of centre frequencies: 2500-3500 Mc/s. 
Bandwidth: - 4% about the centre frequency. 
Peak Power:* 2-5 MW. 

Mean Power:* 35 KW. 

Isolation at centre frequency: Not less than |2db. 
Isolation over the band: Not less than !0db. 
Insertion Loss: 0-Sdb. 

Input V.S.W.R.: Less than I-1 
Mounting Position: Any. 

Weight: 29 Ib. 

Dimensions: 105” x 53” x 7£”. 


* The power figures assume operation into a mismatch not worse than 2:1. 


FERRANTI LTD - KINGS CROSS ROAD « DUNDEE 
Telephone: DUNDEE 87141 F erranti 


SSSSSSSSSSSSESSSSESSSESESSSEESESESEEEESESESEEESESEEEEEEEESCESESSE 
* oo*e* eo” FSP IO e” eo”, e* eo” 'e* 
eC 


e*e78 8 2¢ @ 
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Brush or spray the Ohms and Mhos! 


Ohms and Mhos (and ‘puffs’ too!) have gone into suspension —in 
Foliac Colloidal Graphite Dispersions. You can spray them or brush 
them, inside or out, to provide high resistance paths, low resistance 
paths, capacitor effects, screening or ‘earth’. These are the facilities 
the Foliac Colloidal Graphite Dispersions, so simply applied, bring 
to the electronics industry. From C.R. tubes, thermionic valves, to 
simple resistor contacts. Name the use of a conductive coating and 
the answer is ‘Foliac’. If you have a problem involving a conductive 
film, remember Foliac research is at your service. Why not ask 

our representative to call? 


FOLIAC COLLOIDAL GRAPHITE DISPERSIONS 


GRAPHITE 


PRODUCTS ONE OF THE MORGAN CRUCIBLE GROUP OF COMPANIES 


LIMITED 


NORTHFIELOS - WANDSWORTH PARK - LONDON - S.W.18 TELEPHONE: VANdyke 6422 
GP. 102/332 
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2h Watts 
_ 20\Megacycies 
Silicon|NPN Transistors 











@ 
i JEDEC encapsulation 


Typical «charac t @eeeeeeee  2t 2 GS 
| 29 T2 





Power dissipation P, 
Collector to Base Voltage V .» 
Cut-off frequency fx 
Collector current I. 


Current gain spread ez 


These Silicon grown-diffused transistors are particulariy suitable for all applications at high temperatures and high 
frequencies such as high speed switching, i.f. amplifiers frequency modulators, etc. 


Full data-sheets and prices available from: 


M.C.P. \ Station Wharf-Works 


Electronics = FAS fonteod THOMSON TTL 


Limited Sa elephone WEMbiecy 1191 OEP ARTEMENT SEMICONODUCTEURS 
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400 CYGLE 3 PHASE ALTERNATORS 
and MOTOR ALTERNATORS 
0.5 kw TO 150 kw 
BY W. MAGKIE & Go. Ltd. 


ESTABLISHED 1882 


PRODUCTS SECOND TO NONE FOR 
RELIABILITY, PERFORMANCE, 
VALUE AND SERVICE 


Special attention to:- 
Wave form at all loads 
Harmonics at all loads 
Modulation 
Voltage regulation 
Frequency regulation 
Time of response 
Effects of particular loads 


Inform MACKIE of your requirements they are 
well equipped to meet your needs and give the 
service for which they enjoy a high reputation 


MANUFACTURERS OF ROTATING ELECTRICAL MACHINES AND 
ASSOCIATED AUTOMATIC VOLTAGE AND FREQUENCY REGULATORS 
FOR ELECTRONIC APPLICATIONS 


For Radar more than half the World’s Shipping carries Mackie power supplies 


W. MACKIE & GO. LTD. 


Established /882 
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... but that’s not all 


This is the smallest ‘spindle operated’ moulded 

carbon track potentiometer in production. Although it 
measures only 4” diameter it is rated at }W and 

the range of values is from 1KQ to 2.5 MQ. 

These factors will commend the Type L to all those 
Design Engineers who strive for greater miniaturisation 
in electronic equipment. 

Further constructional details and parameters are 
contained in Plessey Publication No. 313. 


Please reque sla copy. 


type L potentiometer 


by | Plessey 


THE PLESSEY COMPANY LIMITED 

CAPACITORS & RESISTORS DIVISION + SWINDON GROUP 

Kembrey Street - Swindon - Wiltshire 

Tel: Swindon 6211 - Telex: 44-355 - Telegrams: Plessey Telex Swindon 
Overseas Sales Organisation 

PLESSEY INTERNATIONAL LIMITED - Overseas Telegrams: Plessinter Telex Ilford 


Head Office : Uford Essex England 
Tel: Ilford 3040 Telex: 23166 Plessey Ilford Telegrams: Plessey Telex Ilford 
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comm olrolerens 


a field 


Just imagine this crawling across the fields belching smoke, sparks 

and noise—but this monster was a great advance in its day—the ancestor of 
today’s powerful and handy tractor. The tractor had to wait until motors 
and metals were perfected, until technology had caught up with invention. 


To-day when the problems are so much more complicated, the solution 
is often much simpler—contact ‘Varley’. If your problem is automatic, 
remote or push button control; the answer proved many times 

in many fields is, a ‘Varley’ Solenoid. 


EVE AY solenoids 


REGO TRADE MARK 


The new D Range (JIlustrated) 
has been designed to give greater power, 
quieter hold for smaller size. 


For full details of Varley Solenoids, write for lilustrated Catalogue T1/1 


OLIVER PELL CONTROL LTD 


Cambridge Row Burrage Road Woolwich SE18 
Tel: Woolwich 1422 (5 lines) Telegrams: Olipel London S.E.18 


TA3282 
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_ that you'l ind your — 
FIXED CAPACITOR needs 


in our catalogue ? AMBRE) se 
BN SHY PEGs) 4g 
it includes good ranges of the following types 
‘ELECTROLYTICS’ 
FOIL AND PAPER ‘BLOCKS’ AND ‘TUBULARS’ 
; METALLISED PAPER ‘CANS’ 
z ‘CERAMICS’ 
= (‘TUBES’, ‘DISCS’ AND ‘LEAD-THROUGHS’) 
ECSBD “SILVERED MICAS’ etc., ete. 


7 Pas Wt Mi UAV pipes 
Radiospares Ltd. 
4-8 MAPLE STREET - LONDON: WI+* ENGLAND 
Telephone: EUSton 7232-9 
TELEGRAMS : RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 


| Re 
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QV20-P18B (CV2416) 
Low cost version of 
QV20-P18/4PR60A (CV2752) 


QV20-P18B is a low cost version of 
the well-known QV20-P18/4PR60A. 
Electrical characteristics are iden- 
tical and the two valves are com- 
pletely interchangeable. Peak pulse 
output is in excess of 300 kW witha 
d.c. hold-off voltage of 20 kV. The 
QV20-P18/4PR60A continues to be 
produced in its original form and 
remains fully available. 


QV12-P10 Specifically designed 
for smaller sets 


QV12-P10 has been designed for 
those applications where lower 
power is required. Peak pulse out- 
put is in excess of 100 kW with a 
d.c. hold-off voltage of 12 kV. 
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NEW VALVES 


two hard valve 
pulse modulators 


One of the greatest aids to the radar 
designer is the availability of valve 
‘“‘line-ups"’ for complete systems. 
This is the basis of the Mullard 
policy ...to design and provide the 
various valve types related for maxi- 
mum efficiency and economy. This 
is the planning behind the introduc- 
tion of the QV20-P18B and QV12-P10. 


New Pulse Modulators— Typical Operation 
(Shown Modulating Specific Mullard Magnetrons) 


QV12-P10 QV20-P18B 





Va (b) (kV)| 7.0 8.0 82| 15.6 15.6 14.5 
ia (pk) (A)| 9.0) 7.5 | 7.0} 18 18 11.5 
Pulse length (us) 0.05) 2.0 | 0.5/ 0.1 1.0) 0.4 
P.R.F. 4000, 500) 2000} 2000; 1000 500 
V2 (V)| 600| 800) 800} 1250 1250) 1250 
Vo1 (V)| -140| -190 | -190] -S00| -500, -450 
Vot (pulse) (V)} 310, 270) 260] 650, 650/ 525 
Vout (pulse) (kV)} 6.0 7.5 7.5 | 15 15 14 


| 
Mullard Magnetron} ups-7D sP9-15 JP16-10| JP9-75 

















GOVERNMENT AND 
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FOR RADAR 


low cost, high performance 
klystron KS9-40 


@ Rugged 
Withstands 10g acceleration with a resultant maximum frequency 


of designing low cost radar receivers modulation of 2 Mc/s. 


using a high quality local oscillator. @ Specified Noise Performance 
Typical a.m. signal to noise ratio greater than 160 db per cycle of i.f. 


This advance is made possible by bandwidth for receiver intermediate frequency in excess of 25 Mc/s. 
the introduction of the Mullard @ External Tuned Cavity 


P P This constructional feature isolates the tuning cavity from the 
X-band klystron KS9-40 which incor- effects of variations of beam current and contributes largely to the 


porates many features previously high frequency stability. 


Engineers now have the opportunity 


only available with much more @ Low Warm-up Frequency Drift 

‘ 3 Mc/s max. after first 5 minutes of operation. 

expensive valves. : 
@ Good Altitude Performance 


Less than 1 Mc/s change from 0 to 30,000 feet. 


@ Waveguide Output 
Incorporates a matching screw to ensure close tolerance power 


Klystron KS9-40- Abridged Data 
output. 





Mechanical tuning range 9.3 to 9.5 Gc/s. 


Typical operation 


Frequency 

Resonator voltage 

Resonator current 

Reflector voltage 

Electronic tuning range 
between half power points 

Output power 








For further details of these and other Microwave 
Valves contact Mullard at the address below. 


MULLARD LIMITED 
Mullard} Mullard House - Torrington Place - London W.C.1 
Fa Telephone Langham 6633 


@ mvt 387 
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quietly doing a job 


The photograph above shows a gramophone turntable bank in the 
Sound Control Room at the B.B.C. Television Studios, Lime Grove. 


The arm and pick-up of the GLU9 groove locating units are 
mounted on pairs of SILENTBLOC Square Flange Instrument Type 
Anti-vibration Mountings, whose purpose is to make quite sure that 
no ground vibration interferes with the sensitive instruments and spoils 
absolute perfection of reproduction. 


The B.B.C. are one of the many “perfectionist” customers who 
choose SILENTBLOC Instrument Mountings to do an exacting job. 


ry 


47 


SILENT BLOC Br erenres 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 


Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 


Andre Rubber Co. Lid., is another Silentbloc company Silentbloc products are also manufactured by Silentbioc (Australia) Pty. Ltd., Melbourne 
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for stress relieving 
= transformer 
laminations 


ll 


Royce mesh belt conveyor 

furnace providing variable heating and 

cooling cycles, specially designed for continuous 
heat treatment of transformer laminations. 


A ROYCE SPECIAL COSTS NO MORE Normal working temperature — 820° 
THAN A STANDARD FURNACE Maximum operating temperature — 1050° 


Fudge for yourself. For your new Normal heating cycle — 60 mins. 


Average power consumption — 
furnace get a quotation from Royce. 300 kwh per ton of lasninations 


Atmosphere — burnt town gas. 


RNA 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 


ALBERT DRIVE, SHEERWATER, WOKING, SURREY Telephone : Woking 5401 


NRP/RF 327 
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SAUNDERS -ROE 


specify 
HASSETT & HARPER 
CABINETS 


In these Hassett & Harper Cabinets and Consoles, 
Saunders-Roe housed specialised equipment for 
testing and firing the all-British Black Knight 
Research rocket. 

Saunders-Roe Limited are just one of our customers 
who appreciate the lively interest which our 
engineers display in every job they do. m 

From the initial construction stage, through pilot 
development work, to the completion of a precision 
engineered job delivered on time, we operate with a 
dual ideal in mind: to give the customer what he 
needs and to maintain Hassett & Harper standards at 
their consistently high level. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 


any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


HasscHt é. amped lid 


REGENT PLACE ‘ BIRMINGHAM 1 
Telephone : CENtral 6418 


LONDON SHOWROOM : 
GREAT CUMBERLAND PLACE - LONDON W.1 


Telephone : Paddington 4691 
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component 


YOU 
are looking 
for could 
be here 


We make thousands of components for radio, TV and We can quote particularly favourable prices for the types 
electronics, and we believe they are generally better and, of component illustrated—prices that could help you to 
for their high quality, cheaper, than any on the market. get your production costs down to a new low level. 


EIGHTAR CONNECTORS for the new 110° CRT’s 
COAXIAL PLUGS AND SOCKETS, Single, 2, 3, 4 and 5-way 
MINIATURE JACK PLUGS AND SOCKETS 
INTERNATIONAL OCTAL VALVEHOLDERS 

CRYSTAL HOLDERS 


Manufacturers are invited to write for details of our complete range of components 
Cc HL. | ( ELECTRONIC COMPONENTS 
Associated Electrical industries Ltd 
Radio and Electronic Components Division 
PO 17, 155 Charing Cross Road, London, W.C.2. 
Tei: Gerrard 8660. Telegrams: Sieswan Westcent London. 


crc 17/22 
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NAVIGATIONAL AND 
SURVEY EQUIPMENT 


fee 
INSTRUMENT CENTRE : 
See: RERURRMINNIN cm ii asia ans OPHTHALMIC INSTRUMENTS 


20 QUEEN ANNE STREET, LONDON, WI. \S 
~*~ 


The specialised knowledge and advice of 160 UA EORAT ORT HEA 
AND X-RAY APPARATUS 


British Manufacturers of Scientific Measuring 
Instruments are available to you through this ii 


one source. 


‘ KINEMATOGRAPH AND 
Telephones: ALLIED INSTRUMENTS 


Technical Enquiries - IMPerial 6000 \ 
Secretarial Enquiries - LANgham 4251 \ 
\ 
\ ———s 
Space donated by 


INSTRUMENTS FOR PROCESS 
DAWE INSTRUMENTS LIMITED CONTROL AND AUTOMATION 


Specialists in Stroboscopes, Sound and Vibration, Dynamic Balancing 
Ultrasonic Cleaning and Gauging 














SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION 
OF GREAT BRITAIN 
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VIN 


Pot 
Core 
Assemblies 


offer... 


with an accuracy of better than +0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than -++-0.02°, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately +7°, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 

+3% of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 

pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 


Mullard Ltd. Component Division, Mullard House, Torrington Place, W.¢ 


McC. 2668 
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Speed is the need in Printed Circuits 


|D print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics. Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


Ik | BON ID make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes—whether for complete units or small sub-assemblies— 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


IR B N ID maintain prompt deliveries 


Write for full details 
and samples to 


BRIBOND LIMITED 


Burgess Hill, Sussex 
Telephone: Burgess Hill 85611 


Bribond have organised production to guarantee prompt delivery 
of customer’s requirements. Consultation and planning of any 
form of printed circuit—double sided, component notated, flexible, 
flush surfaced, plated, etc.—is freely offered and your enquiry is 
invited. 
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A new range of totally-enclosed Electrically these motorsconform to B.S. 2613 :1957 


Class E insulation. Dimensions conform to a new 


fan-cooled motors see B.S. draft specification and are the same as 
Smaller, lighter than previous Series 5 ventilated motors which can be found in 


B.S. 2960:1958. These motors can be supplied 


T.E.F.C. standards ees interchangeable with N.E.M.A. totally-enclosed, 
Frame sizes identical with fan-cooled motors of the same rating. 


The first batch—ratings from 1 to 7} h.p. at 


ventilated motors of the same rating 1400 p.m. can be ordered now. The remainder of 
oe the T.E.F.C. range of Series 5 the range, 10h.p. to 40 h.p. at 1400 r.p.m., will be 


available later in the year. 


A.C. motors made by Write for full technical information 


(rompton Parkinson 


LiCTANCAL EOuOPamt wT] Courrent wT) 


CROMPTON PARKINSON LIMITED, CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2 
AUGUST 1960 71 ELECTRONIC ENGINEERING 





EE 24076 for further details 


Improve production with 








quick secure fastening at LOW UT uit, 


ELECTRONIC ENGINEERING 


| regular 


| type 

} Usedalone asa 
load-carrying nut on 
light duty assemblies, or 
used on top of ordinary 
nuts on high stress 
assemblies 


acorn 
| type 


Smooth dome shape 
covers up unsightly 
rough bolt ends for 
attractiveness and 
protection against 
scratching 


adjusting 

| type 
Used as a lock nut 
when seated, or as an 


adjusting nut or stop nut 
anywhere on threads 


wing 

| type 
Combines locking 
principle of Dotlocs with 
ease of finger tightening 
and removal 


tension 
nuts 


Holds adjusting screws 
to desired setting. For 
ease of assembly and 

' simple adjustments 


washer 


type 


, Incorporates grounding 
base and seal against 
| water and dust 


REDUGE 
parts operations and 


COSTS! 


DOTLOCS are locking nuts, precision-made under 
careful quality control, and produced in such enor- 
mous volume that they cost less than other locking 
devices, often less than plain nuts alone. 

A single DOTLOc or Fastener replaces two, three, even 
four fastening parts, according to application and 
type used. Extra devices such as lock washers, flat 
washers, sealer washers, cotter pins can be eliminated. 
The extra cost of threading, drilling or notching other 
fastening members can be saved. 

As a result, assemblers handle a single, low-cost 
DOTLOC in place of costlier, multi-piece fastenings, 
reducing the number of parts to buy and to apply. 


DESIGN & LOCKING PRINCIPLE 
Dotlocs are single-thread locking nuts made of spring- 
tempered steel, and are available in a wide range of types 
to fit standard threads. 


The thread engaging portion is formed in true relation to the 


pitch of the screw thread. The inner contour is designed 
to provide maximum strength from a single-thread nut. 


Perfect hexagon shape, straight sides, ample height for easy, 
speedy handling and wrenching. 


Save weight. DOTLOCS save more than 65%, of the weight 
of plain nuts, 80%, of nut and lockwasher, 85% of nut, 
lockwasher and plain washer. 


Save space. DOTLOCS require less space than many other 
fastenings. This is especially true where lockwashers and 
flat washers are eliminated. 


Interchangeable. DOTLOCS are interchangeable with other 
commonly used locking devices and generally require no 
change in design. 


Withstand high temperatures. Spring stee] DOTLOCS are not 
affected by temperatures up to 400°F. 


Quick assembly. Either the potLoc or the screw can be 
driven in the assembly procedure, whichever is more 
convenient. 


Locking action. Safer for assembling fragile or brittle 
parts and materials. Resilient DOTLOC thread form permits 
firm but spring-cushioned pressure on assembled parts. 


CARR FASTENER COMPANY LIMITED 
Stapleford, Nottingham. Phone: Sandiacre 3085 


LONDON : 
195/197 Gt. Portland Street, London, W.1. 
Langham 3253-5 
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R-C Oscillator Type TF 1101 


A compact general-purpose oscillator 
giving a low-distortion output of § watt 
max. into 600 ohms. Frequency range 
20 c/s to 200 kc’s. Output level indicated 
by panel-meter and calibrated attenuator. 
A band-pass filter provides for a I-kc/s 
output of very low distortion 


Distortion Factor Meter Type TF 142F 


Measures total spurious content, up to 
30 kc/s, of inputs within the fundamental 
frequency range 100 c/s to 8 kc/s. Distor- 
tion measurement range: 0.05 to 50%. 
The input can be at any level between 
500 mV and $00 volts 


Audio Tester Type TF 894A 


The TF 894A covers from 50 c/s to 27 
kc/s. It comprises a heterodyne oscillator 
and 0- to 5S0-dB, 600-ohm attenuator 
combined with a three-range a.c. volt- 
meter which is available for external use 
Output: 2 watts maximum at 600, 15, 
and 3 ohms. Voltmeter ranges: 80, 8, 
and 4 volts full-scale 


A.F. Power Meter Type TF 1347 


A sensitive, accurate, direct-reading ins- 
trument. Its ten power ranges, covering 
10 uW to 6 W, and 54-inch meter provide 
excellent discrimination. Impedance 
range: 2.52 to 20kQ in 11 steps. Fre- 
quency characteristic substantially flat 
from 50 c/s to 20 kc/s 
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A.F. Power Meter Type TF 893A 


A wide-range absorption-type power 
meter for use in the frequency range 20 
c/s to 35 kc/s. The power measurement 
range is 20 1. W to 10 watts and the input 
impedance can be set to any of 48 differ- 
ent values between 2.5 ohms and 20 kQ 


Wave Analyser Type TF 455E 


Gives amplitude and frequency of indi- 
vidual components of either audio signals 
or the modulation envelopes of rf. signals 
up to 500 Mc/s. Its a.f. range is 20 c/s to 
16 kc/s and its amplitude measurement 
range is 30 uV to 300 volts 


PRECISION AUDIO MEASUREMENT 


Measurements of audio performance to modern standards 
call for the very best in test equipment. Marconi’s offer an 
unrivalled range of instruments to meet the most exacting 
requirements at every stage in the design-production 
cycle. From first evaluation of laboratory models to 

final testing in the factory, and maintenance in the field, 
there is a Marconi instrument to meet the need. 

For full details write for leaflets J172. 


Please address enquiries to 


MARCONI INSTRUMENTS LTD., at your nearest office: 
London and the South ; Marconi House, Strand, London, W.C.2. 


Telephone: COVent Garden 1234 


Midlands; Marconi House, 24 The Parade, Leamington Spa. Telephone: 1408 
Telephone: 67455 


North; 23/25 Station Square, Harrogate. 


Export Department 
St. Albans, Herts. 


Marconi Instruments Led., 
Telephone: St. Albans 5616! 
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Printed 
Circuit 
Counter 
Panels 


A complete range of transistorized counter 
panels of common size, fixing method 

and electrical connexion, designed to provide 
a flexible unit system 

whereby any special requirements 

in the counting or data processing fields 


can be quickly built up. 


A fully illustrated brochure giving 
complete performance and 
specification figures for 

every panel in the range is 


available on request. 


CINTEL 





50kc/s Scaler 

1Mc/s Scaler 

Input Amplifier 

Gate Unit 

10kc/s Oscillator 

1Mc/s Oscillator 

Power Unit 

50kc/s Read-out Scaler 
1Mc/s Read-out Scaler 
4 Channel Output Unit 
Read-out Unit 

Meter Display Unit 
Lamp Display Unit 
Numerical Indicator Tube 
Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road ~* London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow; 


McKellen Automation Ltd., 122 Seymour Groxe, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 112/114 Pritchert Street, Birmingham, 6 
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Cave 12/-to 15/ in every £1 


ON SHORT AND mebium ruN PIERCING- 


18” x 12” x 16 S.W.G. Mild Steel Plate 


63 openings 4" to 12” diameter 
plus slots, corners and Time (secs.) 


rectangles up to 43” x 22” ... 189 
Rotate turret 14times ... ... 28 


UU, nas cc ers eee 
Total 225 secs. 


Total floor-to-floor time 3 min. 45 secs. each 


No more setting up or marking out! No more costly tooling! 
Wiedemann tooling is standard tooling — circles, squares, clusters, 
shapes—mounted in rotatable turrets, always in accurate alignment, 
always ready for instant use. Piercing positions accurately located 
on the press itself and changes in layout made 


quickly, cheaply. 


British WIEDEMANN 


TURRET PUNCH PRESSES 


Write for the New Brochure EE/182 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8677 (8 lines) Telegrems ACCURATOOL HAMMER LONDON 
182 
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REBT a 


The “BELLING-LEE” range of com- 
ponents is probably the most extensive in the 
industry, catering for a most comprehensive 
variety of applications. 

The latest addition is a Miniature Mains 
Plug-and-socket, with a rating of 1 amp., and 
occupying no more panel space than a half- 
penny. Moulded in nylon with fully shrouded 
plug pins, this space-saving accessory will stand 


“BELLING-LEE”’ 


COMPONENTS 


a surprising amount of rough treatment. 
Although miniature in size, it is a giant in 
performance. 

Please write for details of this useful 
component, and if you have any problem 
concerning connections why not let us help you 
to solve it? Over 30 years’ intensive experience 
of design and manufacturing in this field is 
yours for the asking. 


Most ‘‘Belling-Lee’’ products are covered by patents or registered des, zns or applications 


TERMINALS PLUGS & SOCKETS GLASS SEALS 
CIRCUIT PROTECTION DEVICES 
INTERFERENCE FILTERS RECEIVING AERIALS 


BELLING ¢& LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 


Telephone : Enfield 3322 Telegrams: Radiobel, Enfield 
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miniature, high efficiency D.C. motors. cm. grms at 170 r.p.m., or down to 18 cm. 


Available in three sizes, the largest of grms at 2,500 r.p.m., with an electro to 
mechanical efficiency of as high as 70%. 


Are electrical design engineers ever im- which measures only two inches long by 
The working temperature range is —35 degrees 


pressed? Do they whistle with admiration one inch in diameter, these motors have 
at such things as servo-components? working voltages which go up to 4v D.C., to +65 degrees C. 


If they do, many we suspect, will be whist- but they will turn on a signal as low as__ If you would like further information on these 


ling soon at this range of Siemens-Halske 50 m.V. Available torques are up to 270 or our A.C. servo range, please write to:— 


& RELAYS 


LIMITED 


B & R RELAYS LIMITED - TEMPLE FIELDS - HARLOW - ESSEX 


Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 
REFRACTORIES 
for high-temperature insulation 
FREQUELEX 

for high-frequency insulation 
PERMALEX 


& TEMPLEX 
for capacitors 


' 
| 


—————— ——— 


BULLERS LIMITE 


MILTON - STOKE-ON-TRENT - STAFFS 

Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 
Ironworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 

Phone: Tipton 169! Phone: MANsion House 997! 








| HvNTyHeeeNvytenyy 





| 
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LOW-VOLTAGE 


STABILISED 





This transistor-stabilised power unit 
is particularly suited for applications where 
a highly stable d.c. supply is required, 
and is ideal for use in laboratories. 


SPECIFICATION 
Hominal input 230 velts, 50c/s + 8% Stability less than 1°% change in output voltage after 
full load run of 5 hours duration, 
Guiput 6 volts to 20 vette improvement facter 
continuously variable at 0 te 10 amps. (5% change in mains voltage 
er 14 volts to 28 volts compared with resultant change 


continuously variable at 0 te 7.5 amps ind.c. output voltage) — approx, 150:1 
Voltage Regulation Rating continuous 


(no load to full load) approx. 1.4% EMficiency at fullload 57% 
Equivalent internal resistance less than 0.05 ohm. Overall dimensions ltength 174”, depth 172”, 
Output impedance ess than 0.15 ohm up te 50 ke/s. height 13 (44.5 « 45.1 x 33 ems) 
Ripple (at full load) approx. 2 millivolts peak-to-peak. Weight approx. 85 ib (38.6 kgs) 





A quick acting fuse, accessible PRICE 
from the outside of the front panel, 
provides protection against overloads. £ 1 50 


A built-in meter covers the ranges 
0-20 volts d.c. and 0-10 amps d.c. NETT, EX WORKS 


Please address all orders 
GS G& < and enquiries to: 


ELECTRONICS DIVISION 
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
FORO STREET + COVENTRY + ENGLAND san 
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* No larger than the average 
cuff-link 


ke— .78” ——o . ‘ . 
ACTUAL SIZE x New mechanism has mechanical life 


ni New of at least 10 million operations 
Ui Hants * Three types of solder terminals available 


\-4 Comprehensive range of auxiliary actuators 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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ST 
toroidal 
inductors 








for 
interference 


suppression 


With the greater use of radio and navigational over 40 years experience in the development of 
aids on ships and aircraft, it is increasingly high grade magnetic materials, now introduce a 
important to suppress interference likely to arise selection of the many types of inductors which 
from other electrical equipment which is also an gre manufactured for industrial, marine and 
inseparable part of modern transport. STC with aeronautical applications. 


DIMENSIONS, WEIGHTS & RATINGS ELECTRICAL CHARACTERISTICS OF SELECTED TYPES 


SIZE DIMENSIONS AND WEIGHTS INDUCTANCE & CURRENT RATING Inductance at Current Rating Volt Drop at Self Resonating 0c 
Outer Inner Length Weight CODE Cont. rated Cont. Rated Frequency Resis. 
CODE Diam.cm Diam. cm = re ; (ait and Amp. AC or 0G) current (uH) Cont. (A) | Peak (a) Current (V) = (Mc/s) (2) 





Ci 1.3 0.7 0.52 3.5 from 250 ,.H (4 amp) to 750 .H (0.1 amp) CIAB 300 «= 300 +. 10% 0.5 | 0.7 0.25 5.0 0.5 
C2 2.3 1.2 0.8 14.5 100 ,, (14,, ) to 1000,, ( 4 amp) C288 500 =6(500,, , 1.0 1.2 0.30 =| 3.2 0-3 
C3 2.95 1.4 1.3 50 100 ,, (24,, )t01000,, ( 4 amp) C3BC1000 §=1000 ,, 1.5 2.2 | 6 | 1,2 0.3 
C4 41 2.4 1.3 65 100 ,, (4 ,, ) to 2000,, (14 amp) C4CC1000 §=1000 ,, 2.0 3.5 0.44 6.9 0.22 


C5 4.8 27 1.4 130 » 100,, ( ,, )t02000,, (2 amp) C5001000 1000 ,, 3.0 44 0.54 0.8 0.18 

















Write or telephone for Technical Data Sheets to: 


—......) Dtandard Telephones and Cables Limited 


croup Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY ~*~ HARLOW ~- ESSEX 
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THAT 





No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 
etc. 13/6. 


tea eay 
dedeaity | 


: Uiyy 


No. 98A. Three dozen Assorted 
1” to 4” long, }” to }?’ diam., 
19G to 15G. 5/6. 


No. 753. Three dozen Assorted 
Light Expansion }” to $” diam., 
2” to 6” long, 22 to 18 S.W.G. 
10/6. 





No. 760. Three dozen Assorted 
Light Compression Springs. 1” 
to 4” long, 22 to 18 S.W.G., 
+’ to 4” diam. 6/6. 





No. 757. Extra Light Com- 
pression, 1 gross Assorted, $” 
to «” diam., }” to 24” long, 
27 to 19 S.W.G. 15/-. 





Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking 





Really interested in oo 
“Spring Design and Calcula- 
tions’’ 9th Edition tells all— 
post free 12/6. 








Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 


stock—from }” to #’. 








ae 


aw ts 
PP>b pd) > E 
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No.758. Fine Expansion Springs. 
1 gross Assorted }” to }” diam., 
i to 2” long, 27 to 20 S.W.G. 
15/-. 





No. 1217. One gross 
Assorted Springs. A complete 


Garage Service Kit. 42/- each. 


We know exactly how difficult 
it is to find springs for 
experimental work . . . we’ve 
been making quality springs for 
over 100 years. So, we confidently 
offer you our excellent range of 
small boxed assortments which 
covers a very wide range. 

We can only show a few boxes. 
Send us a p.c. for our full list. 

If ever you are stuck with a 
spring problem let our Research 
Department put their long 
experience at your disposal. 


TERRYS 


for SPRINGS 


Looking for good Hose Clips? 
Send for a sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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7% 


HERBERT TERRY 
& SONS LTD 


Redditch, Worcs. 


(Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 
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BRIMAR keeps George going! , 


€ 


Auto-Pilot ‘George’ is now a well-known figure in aviation circles. Less well-known is 

the fact that ordinary valves could not be used in ‘George’ since they quickly succumbed to 
aircraft vibration, and put the entire equipment out of action. Brimar solved this 

problem by supplying valves of exceptional ruggedness that would withstand 

this testing wear . . . valves that were subjected to microscopic scrutiny before issue, to rule 
out all possibility of structural defect. The lessons learnt in devising valves for such 

special applications have been applied in the manufacture of the Brimar commercial range 


of valves. That’s why—whenever reliability counts— 


better make it 


—_) Standard Telephones and Cables Limited 


GROUP Registered Office : Connaught House, Aldwych, London, W.C.2 
VALVE DIVISION FOOTSCRAY SIDCUP - KENT - FOOTSCRAY 3333 
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Whole 
in one 


It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
= assemblies used in the manufacture of electronic and electrical equipment, 


» — a and the benefits both structurally and economically are considerable. 


— 
Z6b / A Se One order on Plessey for a complete assembly — or set of 
( Al \ assemblies — means only one supplier. to progress — only one item to be 
\ dealt with by the various departments concerned. 


Let us begin at the beginning 
In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 





WIRING & CONNECTORS DIVISION 

THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 
Telephone: Swindon 6251 

Overseas Sales Organisation : Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
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DECADE 
CAPACITOR BOXES 


SEES BE BRBERBRBBERBRBHRRBBEE SE BEEBE BSB BBB RBRBRBRBRB BRB RBRBSS 


$-BAND 

SPECTRUM ANALYSER 
Frequency Range 2640/3200 
Mc's 


Absolute Frequency Measure- 4 
ment 1.5 Mc/s. ¢ 
Relative Frequency Measure- 
ment + 250 Ke/s. 

Sensitivity minus 85db 

relative to |mW at che input. 


DC/AC VALVE 
VOLTMETER 


Ranges : 
Range in balanced D.C. 
position (centre zero): 
+2.5V., + 7.5V., + 25V., 
+ 75V., + 250V., + 750V. 
Range in plus or minus D.C. 
* position (left-hand zero) : 
5V., I5SV., SOV., 150V., ISOOV., 
Range in A.C. position : 5V., ISV., 50V., IS0V. Accuracy 3%. 


SPECIFICATION 


ie. 4 os 00! mfd to I.11 mfd. 
Zero Capacitance , 6 eo re 
a a a phe oe 5% 
Maximum Voltage. . .750V D.C. 
Termingis . 2 « 010 8 « «& « SOW umee 
Mounting . . . . «. « Metal case and panel 
Finish . . « « Blue hammertone case. Black 

and silver photoetched panel. 


TRANSIENT 
OSCILLOGRAPH 


Description 
The Impulse 
Oscillograph has been 
designed particularly 
for the observation and 
recording of waveforms 
occurring in high 
voltage testing of 
cables. The main aim 
was to give a simple 
and reliable operation 
in production testing, together with a very much higher accuracy than 
normally encountered in the oscillograph type of instrument. 


IN ADDITION TO THE ITEMS FEATURED HERE THE 
WINSTON RANGE OF ELECTRONIC EQUIPMENT 
INCLUDES :— 


Semi Decade Oscillator Beckman/Berkeley Range 
Resistor Boxes Dials 

“X” Band Spectrum Analyser ; 

“L” Band Spectrum Analyser ey eee aa 
“L” Band Signal Generator Sub-Contract Facilities 
Temperature Controller Sheet Metal Work 
Transistor Curve Tracer Standard Metal Cases 


BECKMAN HELIPOTS 


An extensive range of Helical potentiometers 
is available under the Beckman Registered 
name of “HELIPOT”. lilustrated here is the 
popular ‘A’ Series 10 Turn Helipot. Other 
versions available in |, 3, 15, 25, and 40 Turns. 
Full Range of Turns Counting Dials. 


The practical application of imaginative 
thinking, based on tested principles has 
produced, in Winston Electronic Equip- 
ment, a range of instruments that matches 
the rapid advance of industrial methods. 


ELECTRONICS LIMITED 


INSTRUMENTS — COMPONENTS — PRODUCTION FACILITIES 
GOVETT AVENUE - SHEPPERTON - MIDDLESEX 
Telephone : Walton-on-Thames 26321 /5 
Telegrams : Winston, Shepperton 


SUB-CONTRACT. Full sub-contract facilities for the 
development and manufacture of Electronic Equipment 
and Sheet Metal Work. Coil Winding Facilities. A.I.D. and 
A.R.B. Approved. 

Write for full particulars of facilities available and catalogue 
of Instruments and Electronics to Dept E.E. 


BEEBBBEBS 
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Both per £ and per Ib., each Serviscope* 


Potentialities 
per 
pound 


offers greater flexibility, accuracy and 
reliability than any oscilloscope of 
comparable specification. A radical 
reassessment of design and production 
techniques has enabled smaller, lighter, 
instruments with many improved 
features to be offered giving a far 
higher performance than their low 


price would suggest. 


Weight: 26 ibs. Pa) Pe FEW 





Electrically identical, but designed 
for mounting in standard 194” racks 
D.31 double beam Serviscope* . 
D. C. amplifiers and slow speed time base (down to 
5 sec/cm if necessary) are eminently suitable for servo 
work and similar applications. Fast rise time (.06 » sec) 
and high writing speed (10 cm/y sec at maximum ex- 
pansion) are essential for any work dealing with fast ‘ 
pulses or TV waveforms. The unique triggering ar- a s]3]2 
rangements enable complex waveforms to be examined * 
in detail with complete accuracy of synchronisation. At 


this moment the D.31 is in use in the diverse fields of 
computer development and servicing, radar equip- 
ment, telemetering applications, closed circuit and 
broadcast TV, automatic telephone equipment... and 
is proving itself ideally suited to laboratory work where 
an oscilloscope has, of necessity, to be somewhat of a 
Jack of all trades. 


* ‘Serviscope’ is the registered tr 


S.31 single beam oscilloscope 
has the same specifications with 
a single beam display. The 
original. highly successful, 
Serviscope’ 

Weight: 16 lbs. Price: £75 


TELEQUIPMENT KK 34 


Telequipment Limited, 313 Chase Road, Southgate, 
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N.14. Tel: Fox Lane 1166 
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Series 400 and 800 Selenium Rectifiers 


SenTerCel Series 400 and Series 800 rectifier stacks are made from two 
SELENIUM new ranges of square plates which, because of their improved perform- 
ance, permit considerable savings in space, weight and cost. 


Fully comprehensive range of plate * Savings in space, weight and 
sizes. cost. 


Available with or without cooling * Supplied ready wired or bus- 
fins. barred. 


* Simplified connection arrangements. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY + HARLOW «< ESSEX 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 


air, water, stearmm union, with great savings 


Renee 
coil, Ld 








THE OLD WAY Air, water, steam union 
involved drilling, threading and milling 
operations. Maintenance was difficult. 





























4 SALTER RETAINERS 


THE SALTER WAY Salter retainers permit 
rapid, simple assembly and maintenance with 
a reduction in manufacturing costs. 











eT 


er 1960% ia 


MATERIALS SAVED 
decreased wali thickness of housing 2/93 


eliminated bearing lock nut and washer 72 


MACHINE 
OPERATIONS ELIMINATED 
bore, undercut, and tap cap end of housing 1/43 


locate cap on arbor, and chase threads 1/- 


aN 


9) 
ni- ale oj— 


drill spanner wrench holes 


cut thread on rotor for lock nut 


“ 


mill slot in thread for tang on lock washer 


5 


drill spanner wrench holes in rotor 


ASSEMBLY 
OPERATIONS ELIMINATED 
install lock washer, tighten lock nut, bend lug 


assemb'e cap into housing 


TOTAL SAVING WITH 
SALTER RETAINERS 


( Circlips Ee) Fasteners Retainers 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 


1K 


4 SALTER 
RETAINERS 
simplify 
design, 
assembly 
and 
maintenance 
witha 
saving of 


8/64 per unit 


M-w.48! 
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Like a hat, an electronic instrument should be exactly fitting for its selected application. 
For the accurate determination of electrical characteristics in any material, component or 
circuit, Wayne Kerr manufacture the most reliable and versatile equipment. 

Their four main types of Bridge are supplemented by a comprehensive range of adaptors, 
each of which is designed specifically for use in a particular application. Together, these 
equipments cover the widest field of use, from the most precise measurement of transistor 
parameters to measuring the viscosity of face creams. 

All Wayne Kerr Bridges are based upon the transformer ratio-arm technique. This highly 
advantageous technique enables complicated measurements—which could be extremely 
difficult, if not impossible, with a conventional bridge arrangement—to be made easily 
and with the greatest accuracy. 

Not only is every item of these equipments extremely accurate, but they are distinguished 
also by the clean, attractive layout of their controls and the simplicity and speed with 
which readings can be made even by unskilled operators. 

To determine exactly which Bridge and adaptors would be most appropriate for your 
purposes, a Wayne Kerr technical representative will be pleased to discuss the matter 
with you. 

In the meantime, we should be happy to provide you with literature describing the operation and advan- 
tages of the transformer ratio-arm technique (Information Service Monograph A1) and of any specifuc 
type of Bridge in which you are interested. 


THE WAYNE KERR LABORATORIES LIMITED 
Sales and Service 44 Coombe Road, New Malden, Surrey Tel: MALden 2202 


WAYNE KERR 
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your measure 


V FLE., KF. 
Component 
and Universal 
Bridges 


ws 
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—100°C to+ 300 Cg 


a greater working 
temperature range 
than any other 


solid plastic 


TURNERS 





Gland packings, solid gaskets, washers, 
plaited packings, and machined components 
are a few of the wide range of products Turners 
manufacture from p.t.f.e. its versatility and its 
excellent chemical and electrical properties, 
make it the first choice where quality 


components are the prime consideration. 


Send now for a copy of our latest 
p.t.f.e. publication ref. SA7. 


wide temperature 
range 


chemically 
inert 





excellent electrical 


properties "TURNERS is the trade name of 


ia tin TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


of friction A MEMBER OF THE TURNER & NEWALL ORGANISATION 
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RELIABLE 
PERFORMANCE 
demands 


COMPONENTS 


The standard of reliability of STC components is set by the 
vital roles of the navigation and communications equip- 
ments in which many of them are used. The consequent 
employment of top grade materials and high degrees of 
skill and care in manufacture ensures that all users of STC 
components may have the fullest confidence in the products. 


YOU CAN RELY ON STC COMPONENTS 


Brimar Teletubes 
Brimar Vaives Brimistors Capacitors 
Contact Cooled Rectifiers 
Ferrites Germanium Diodes 
Germanium Photocells 
Hermetic Seais High Stability Resistors 
Magnetic Materials 
Quartz Crystalis Relays 
Special Vaives Selenium Rectifiers 
Silicon Rectifiers Silistors 
Suppressors Transistors Thermistors 


\ Transformers Zener Diodes 
. Get to know about STC Components—write for booklet M/103 
which lists all components and their relevant Technical Data 
Sheets. 


(B=) Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 


eas COMPONENTS GROUP - FOOTSCRAY - SIDCUP - KENT 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


Perfect Terminations or 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 

Hot Plate, Tunnel Oven or similar 

mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 





Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





sieateeeemeelll 
SP100 
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ELECTRICAL 


CONNECTORS 








THORN AN SERIES 


The Thorn AN series of electrical connectors includes solid shell/ 
general purpose, pressurised and environmental resisting ranges. By 
specifying Thorn, designers are assured of a genuine AN connector for 
their installations . . . a connector designed strictly to the current 
MIL specifications. 


Note these outstanding design and operating features. 
* Die-cast aluminium alloy shells cadmium plated for corrosion resistance. 


* Resilient insert eliminates shrinkage problems and ensures superior 
electrical performance through high arc resistance, high dielectric 
strength and low moisture absorption. 


* Thorn grommet increases flash-over and creepage distances, excludes 
dirt and moisture. 


* Pressurised, water-tight, radio-quiet assembly. 
* Maximum performance, minimum weight. 











THORN PYGMY PT SERIES 


A new range of miniature connectors that satisfy the requirements of 
R.C.S. 321 (Category 40/100, class H.2 sealed items). Thorn Pygmy 
connectors are ideal for applications where space is limited and weight 
represents a critical factor of the installation. 

* Heavy gold plating over silver on all contacts. 

* Performance unimpaired over a continuous temperature range from 
—40° to +100°C. 

* Visual and audible inspection of coupling—perfect for “blind” locations. 

* Three-point bayonet lock; perfect axial alignment of mating parts at 
all times. 

* Five-key polarisation—positive protection against mis-mating or cross 
plugging. 

* Miniaturised—light weight—compact. 














SPECIAL PRODUCTS DIVISION (INCORPORATING COMPONENTS AND CONNECTORS), 
THORN ELECTRICAL INDUSTRIES LTD 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIELD 5353 
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RELIANCE sce ve POIN| IT: 


A yo orbit 


for COMMERCIAL CIRCUITS 
A A PRINTED CIRCUITS 


ZL -_— 


7 


_— for 


ELECTRONIC 


for pe : Ps ; 
TRANSISTORISED F COMPUTERS 


EQUIPMENT 
* vA 
ie’ ne a et 1S 


WHENEVER IT’S\A MATTER 


oF § PACE... 


Whenever it’s a matter of space this new wire-wound 
Pp 

potentiometer, of only 0.5 in diameter and weighing 

only 7 grammes, will eliminate your difficulty. 


FIVE STAR FEATURES 
% ONLY 0.5 in diameter, 0.5 wattage rating 
and ONLY 7 grammes in weight. 


%* A wide resistance range of 
10 ohms — 10,000 ohms. 


% Resistance accuracy of + 5° as standard. 

%* High end stop torque. 

%* Facilities for increasing operating torque. 
Sn cnecioeaaponapee Available in two versions, one for standard wiring 
circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 


details are given in Data Sheet No. 10 


available on request. 


RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED 
SUTHERLAND ROAD * HIGHAM HILL * WALTHAMSTOW ° LONDON ° E.17 - Telephone No. (and for Cables) LARkswood 1118/9 
GD62 
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Well . .. we can’t vouch for the 
woman. But we can for the Relay. 
It’s one of the wide range 
commanding attention by 
offering decided advantages in 
every aspect of industrial 
control involving electrical and 
electronic equipment. 

To be specific, it is the— 


TMC ZETTLER (DIVIDE-BY-TWO) RELAY 
TYPE AZ170 


. - &@ unique latching relay for the operation and 
release of contacts on successive pulses of the same 
polarity. A cam wheel is stepped at each operation 
of the armature by means of a ratchet and pawl 
mechanism. The contour of the cam is such that a 
simple springset is operated and released on success- 
ive operations. This makes it a ‘‘divide-by-two’”’ relay — 
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No woman 
would act 
this way 
about a Relay 
unless... 


an electrical 


engineer 


its essential feature. The armature is hinged on cap- 
tive ball bearings for maximum reliability. Twinned, 
gold-flashed contacts have up to two change-overs 
and operating coils up to 110 volts p.c. It is parti- 
cularly useful for remote control switching. 

The wide range of TMC ZETTLER RELAYS is 
capable of handling power from microwatts to kilo- 
watts. Extreme compactness is achieved in most 
cases. Where space is limited, their choice is destined 
to become a matter of course. 


TMC ZETTLER RELAYS EXTEND THE ALREADY WIDE TMC RANGE AND MAKE TMC BEST EQUIPPED TO MEET YOUR RELAY REQUIREMENTS 


Write now for further information. 


Relay Division B 


TMC 


Telephone Manufacturing Company Limited 


Hollingsworth Works, London, SE21. Telephone: GiPsy Hill 2211 
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indus if} {" qh tor 


Mullard 


industrial 
semiconductors 


Here is the OC35—a new power transistor which supersedes 

the OC16 as a standard type for general use in industry. 

The OC35 is inexpensive and has a maximum current rating 
twice that of the OC16. It is well suited for use in a wide variety of industrial low frequency 
amplification and electro-mechanical applications, and in particular those equipments 
which are operated from a 12 volt supply. 

With this new transistor, current gain is high and is well maintained up to high 
current levels—even at 6 amps the minimum large signal current gain is 20. The metal 
envelope is of the new standard power construction which saves space and provides 
efficient heat conduction to chassis or heat sink. The resulting low thermal resistance, 
together with the unusually high continuous junction temperature rating of 90°C for a 
germanium device, allows a maximum dissipation of 10 watts at a mounting base tem- 
perature of 75°C, 

The data sheet on the OC35 gives detailed information to ensure satisfactory 
operation of the transistor in as many industrial circuits as possible. So if you are 
looking for a general purpose power transistor for new equipment design, save yourself 
time by posting the coupon below. 

EMIIIIN ni inital boas ducheaih basket habhibidaiasie sudenaheensitenveseeon -60V 
Vee Max. (cut-off) 
Abridged data Vee max. (Ie =6A) 
Rea cdihankiannisninhisiaaiahieaciahinensivsasindienietneecbnnenineens 6.0A 
Ptot Max. (at mounting base temperature 45°C) 
T; max. (continuous operation) 
0C35 T, max. (intermittent operation 200 hours max.)............ 100°C 
a’ (at I, =1A) 
x (at |. =6A) 


for Germanium 
Power Transistor 


1 Oe A 0 


Please send me full data for Power Transistor OC35 
Semiconductor Division 


MULLARD LIMITED 
MULLARD HOUSE 
TORRINGTON PLACE 
LONDON - W.C.1 

Tel: Langham 6633 
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Commentary 


HE Royal Society this year celebrates the three- 

hundredth anniversary of its foundation and to mark 
this great historic occasion a programme of Tercentenary 
Celebrations was held from 18 to 26 July. In a number 
of ways the Society is unique: it is certainly the oldest 
scientific society in the world which has enjoyed a con- 
tinuous existence and unlike the Académie des Sciences 
of France or the Akademia Nauk of Russia it is not a 
government institution, though it has many ties with the 
government and in some cases acts for it. 


Although justly proud of its long and fine traditions 
the Royal Society is by no means a slave to them and it 
is, indeed, interesting to recall that it was, so to speak, 
a rebellion against tradition which brought about its 
inception. In the early seventeenth century it was widely 
held that the writings of the great classical philosophers 
were the one source of wisdom from whence all know- 
ledge flowed: so far as scientific matters were concerned 
this meant, largely, the writings of Aristotle. The works 
of such men as Galileo the founder of mechanics, Gilbert, 
the founder of experimental physics and of Kepler -on the 
laws governing planetary motions, found no place in the 
teachings at the universities. It is to a small group of 
men led by John Wallis, the mathematician, John Wilkins 
and the medical doctors Glisson, Ent, Goddard and 
Merret, who recognized the importance of the works of 
Galileo and his contemporaries and, more important 
realized the immense value of the point of view which 
they represented, namely, that systematic observation and 
experiment were the proper means of investigating natural 
happenings, that the Royal Society owes its foundation. 
At first this group met for discussions in London but 
about 1648 Wilkins, Wallis and Goddard removed to 
Oxford where they continued their scientific discussions 
in Wilkins’ rooms in Wadham College. In 1659 the Oxford 
and London groups, reinforced by other men of similar 
interests, came together again at Gresham College in 
Bishopsgate, London. After the restoration of the 
monarchy in 1660 these meetings became more regular 
and it was after hearing a lecture by Christopher Wren, 
then a professor of astronomy, in November of that year 
that the gathering decided to form a Society for promot- 
ing Physico-Mathematical Experimental Learning. It is 
the three-hundredth anniversary of this event which is 
being celebrated this year. Two years later, in 1662, King 
Charles II granted a royal charter of incorporation and 
in the following year he presented the mace which is 
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one of the Society's most treasured possessions; it is of 
silver, richly gilt and before business commences at any 
meeting of the Council or of the Society it is placed in 
front of the President. 

As is to be expected of any institution of so great an 
age, the Royal Society has had its share of ups and 
downs and at times, due perhaps to a shortage of funds, 
it has not been over fussy about those whom it has 
admitted to its Fellowship. Thus one may find in its 
Charter Book the names of such ‘ unscientific’ personages 
as Dryden, Samuel Pepys, Edward Gibbon, Warren 
Hastings and even Lord Byron. Ranged alongside these, 
however, are the names of many of the all-time scientific 
‘greats’ and among them are many of the men who, 
unwittingly perhaps, made our own particular branch of 
science possible; names which readily spring to mind in 
this context are those of Newton, Clerk Maxwell, Lord 
Kelvin, J. J. Thomson and Lord Rutherford. In more 
modern times the Society has, of course, been very parti- 
cular indeed in admitting persons to the Fellowship. The 
present number of Fellows is about 600 plus 63 Foreign 
Members and, despite the vast increase in the number of 
men devoted to the pursuit of science, only 25 persons 
are admitted to the Fellowship at each annual election 
and to be so elected may be considered as, perhaps, the 
greatest of scientific honours. 

The Royal Society is not, however, merely an historic 
institution or a place where learned papers can be read 
and eventually published. It carries out a great deal of 
practical work. High in importance in its activities is the 
responsibility of its President and Council for the manage- 
ment of the scientific work of the National Physical 
Laboratory which, incidentally, the Society took a leading 
part in founding; it also administers, on behalf of the 
government a number of annual grants voted by Parlia- 
ment in aid of scientific investigations and scientific 
congresses etc. Another national responsibility of the 
Society lies in the field of international relations in science 
where it does much valuable work in connexion with the 
International Council of Scieintific Unions and UNESCO 
and in this sphere one cannot neglect to mention the very 
fine work which the Society has performed in connexion 
with the recent International Geophysical Year. 

This year then is a momentous occasion for the world 
of science and it is with great pleasure and due humility 
that we tender our congratulations and good wishes for 
its continued progress to the Royal Society. 
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A HIGH 
SPEED DIGITAL 
DATA LOGGING 
SYSTEM 


By H. Fuchs*, B.Sc, Ph.D.., 
and J. R. Wastell*, B.Sc. 


This article describes a high speed 
digital data logging system which 
has been designed to monitcr the 
outputs from a large number of 
electric transducers, _ typically 
thermocouples, strain gauges, 
resistance bulb thermometers, 
pressure transducers, etc. 
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The modules from which such a system is built up are described and their performance discussed. 

In particular, it outlines the design of a scanning unit capable of switching microvolt signals at 

fairly high speeds, the design of a data amplifier suitable for discontinuous operation and having 

extremely low noise and drift and a high speed analogue to digital convertor with an accuracy of 
0-1 per cent and a decimal output 


The system, which is intended for 24 hour operation, incorporates its own automatic checks and is 
capable of detecting departures from normal opzrating conditions and producing a complete state- 
ment of the conditions at regular intervals of time. 


(Voir page 526 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 531!) 


HIS article describes a high speed digital data logging 

system which has been designed for use with electric 
transducers, typically covering the parameters tempera- 
ture, pressure, flow rate, etc., on industrial and nuclear 
plant. 

The equipment scans the voltage outputs of the trans- 
ducers at a high speed. The output from each parameter 
is examined by the equipment to ensure that it has not 
departed from pre-set working limits. 


If such a departure has occurred, the equipment is 
immediately energized to produce an output, in digital 
form. on a printer or tape punch. This output com- 
prises the identification of the parameter, its value and a 
symbol indicating whether the departure is an increase or 
decrease in the parameter value. At regular pre-deter- 
mined intervals of time, and also on demand by the 
operas. the equipment will produce a complete digital 
log on an clectric typewriter, giving the identification and 
parameter value of every point scanned. 

The equipment is designed on a modular basis making it 
extremely easy both to design a system to meet a parti- 
cular specification and to change the specification at some 
later date. 


The equipment is completely automatic in operation 
and performs checks upon itself once every scan. 
Description cf System 


A data logging system may comprise any or all of the 
following sub-assemblies, each of which is constructed as 
a removable sub-assembly and the whole system being in 
standard 19in equipment racks. 


* Blackburn Electronics Lid 
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The units comprising the data logging system are:— 
(a) Input scanner. 
(b) Scanner drive. 
(c) Data amplifier. 
(d) Linearization and range change. 
(e) Alarm detector. 
(f) Alarm level setting unit. 
(g) Analogue to digital convertor. 
(h) Digital clock. 
(i) Programme control unit. 
(j) Digital recorders. 
(k) Digital store and display. 
(1) Power supplies. 
A typical information flow block diagram is shown in 
Fig. 1. 

Transducer outputs are scanned by the input scanner 
which is itself driven by the scanner drive at pre-deter- 
mined speeds compatible with the output recorder being 
used. 

The output from the input scanner is amplified in the 
data amplifier and then is supplied to the analogue to 
digital convertor which converts the information into 
digital form suitable for driving the digital recorders and 
the digital store and display. 

The output of the data amplifier also operates the 
alarm detector which is itself supplied by information 
from the alarm level setting unit selected by the input 
scanner. 

If the alarm detector detects that the parameter voltage 
has departed from the pre-set limits, an alarm relay is de- 
energized which commands the programme control unit 


The above photograph shows a typical 100 point data logger 
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to supply the appropriate output recorders with informa- 
tion. 

A digital clock supplies the time to the output recorders 
and also generates the logging signals at pre-selected 
intervals of time, selection being performed by decade 
switches on the front panel of the clock. 


Description of Sub-Assemblies 
INPUT SCANNING UNIT 

The scanning unit switches each transducer output in 
turn to the data amplifier and in addition selects an 
identification code and an alarm level appropriate to each 
point. 


SCANNING DRIVE UNIT 


A hard valve clock pulse generator comprising a bistable 
circuit driven by a blocking oscillator is used to switch 
each relay in turn. The basic circuit diagram is shown 
in Fig. 2 and it will be seen that the system operates by 
switching the current alternately through valve | and 
valve 2 and selecting the appropriate relay to be energized 
by the cycling contacts. 

Since no mechanical part of the scanning system runs 
at the scanning speed, a very long life is ensured, a typical 
figure for a 100 point scanning unit being 300000 hours 
continuous running. 
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Fig. 1. 


The basic switching element employed is an hermetically 
sealed relay with gold plated contacts. 

The scanning unit is capable of running at a speed of 
50 points per second when no printing is being demanded, 
i.e. when alarm scanning. When printing occurs, the 
scanning speed is slowed down to a speed compatible 
with the particular printer being used. 

The scanning unit is engineered in blocks of ten chan- 
nels and any number of such channels may be incorpor- 
ated. Any block of ten channels may be switched out 
by the operation of a toggle switch. Under these 
circumstances, the scanning unit omits these ten channels 
which are then available for preventive maintenance. 

The toggle switches may be replaced by relay contacts 
in which case a programmed scan may be obtained. 

The functions the scanning relays form are 


(a) Input selection. 

(b) Alarm voltage selection. 
(c) Identifying code. 

(d) Cycling. 

Functions (a) and (b) are performed as stated above 
by gold plated contacts since analogue voltages are 
involved. 

Functions (c) and (d) are switching operations per se 
and are performed adequately well by cheaper contact 
materials. 

Each point consequently comprises two relays, one a 
sealed relay with gold plated contacts and the other a 
standard relay. 
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2. The basic scanning circuit 


Data AMPLIFIER 

Each input is switched in turn to the data amplifier 
which is used to bring the transducer output voltage to 
a level suitable for driving the analogue to digital con- 
vertor. 

The maximum output voltage from the transducers will 
typically be 10mV full-scale and a gain of 1000 in the 
data amplifier results in an output of about 10V. This 
is compatible with the input of the analogue to digital 
convertor. 

Drift in the amplifier is kept to less than 10uV referred 
to the input by correcting for the drift between each 


ELECTRONIC ENGINEERING 





switching operation, as shown in Fig. 3. 

The amplifier has an in-phase rejection ratio in excess 
of 30000 :1, the inputs floating, in order to cope with 
any pick up voltages likely to be present to the transducer 
leads. 

The data amplifier comprises three units each having 
an internal gain of 30000 and a high degree of feedback. 

The first stage has an effective gain of —1 and the 
second stage sums the output from this amplifier, which 
is fed by one of the two input lines, and the output of 
the other input line. This amplifier has a gain of approxi- 
mately —30. 

Summing at the input of the second amplifier provides 
the high in-phase rejection ratio and the floating input. 

A third stage with a gain in the region of —30 includes 
the drift correction and the linearization circuits. 

The drift correction is achieved by charging a capacitor 
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Fig. 3. The data amplifier 
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Fig. 4. Basic alarm detector circuit 


at the input of the third amplifier with the total drift 
voltage between each measurement by short-circuiting the 
input of the data amplifier and connecting the output to 
a drift correcting capacitor. 


LINEARIZATION AND RANGE CHANGE UNIT 


The total gain of the data amplifier is set by precision 
wire-wound resistors, setting the feedback ratios. 

Should linearization be required, a diode function 
generator is incorporated in the feedback loop of the last 
amplifier. 

The break point and fractional gain change may thus 
be set empirically to achieve the best approximation to 
a straight line. A typical example of this is the lineariza- 
tion of a chromel/alumel thermoccuple output in the 
range 0 to 1000°C where a single kink occurs in the 
characteristics at about 400°C. This kink may be taken 
out with a single diode. 

Should several transducers be scanned with different 
scale factors, the appropriate gain is selected by the input 
scanner, by switching the appropriate gain setting resistors 
into the data amplifier. 

Should the thermocouple transducers require cold junc- 
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tion compensation, a single cold junction in the input 
of the data amplifier is provided which is switched in turn 
to each thermocouple. 


ALARM LEVEL SETTING UNIT 

Alarm levels may be set for each point, either by ten- 
turn helical potentiometers providing infinitely variable 
levels, or by a precision potentiometric chain, providing 
discrete levels. 

In either case, the alarm levels are brought to a patch 
panel which permits any input point to be allocated any 
alarm level. Patching is performed remotely from the 
logging equipment and the pre-programmed board may 
be then connected to the logger in one simple operation 
permitting the change of alarm levels without interfering 
with the logging scan. 

A transistor reference power supply provides the stable 
voltage for supplying the alarm level setting potentio- 
meters. 

This unit is enclosed in an isothermal oven and has a 
stability of 0-05 per cent under all conditions. 


ALARM DETECTOR (Fig. 4) 
The alarm detector compares the output voltage from 
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Fig. 5. The analogue to digital convertor 


the data amplifier with that from the level setting potentio- 
meter appropriate to that point. Should the output voltage 
exceed the set level voltage, a relay is de-energized. 

A diode bridge in the feedback loop of a blocking 
oscillator, is used as the voltage sensing element, elimina- 
ting dependence upon diode characteristics. 

The alarm detector has a backlash and drift of 10uV 
referred to the input of the data amplifier. 


ANALOGUE TO DIGITAL CONVERTOR (Fig. 5) 

The analogue to digital convertor converts the output 
from the data amplifier to a form suitable for driving the 
output printers. 

The unit represents the input voltage as a three or four 
digit decimal number. 

A linear ramp voltage is generated and compared with 
earth potential in one multiar and with the incoming 
potential in a second multiar comparator. 

The output pulse from the first multiar opens a gate 
while the output pulse from the second multiar closes the 
gate. 

Pulses from a 200kc/s crystal controlled oscillator pass, 
during the time the gate is open to a three Trochotron or 
four Trochotron counter. At the completion of the count, 
therefore, the number of pulses counted are a measure 
of the size of the input potential. 

The output from the convertor is an 80V negative step 
on three of thirty lines or four of forty lines. The con- 
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version time for three decimal digits is Smsec and for 
four decimal digits is SOmsec. 

The total errors in the digital output are the sum of the 
errors introduced by the data amplifier and the analogue 
to digital convertor. 

Total errors introduced by the data amplifier are 0-2 
per cent of full-scale and those introduced by the analogue 
to digital convertor are 0-1 per cent of full-scale. 


The total r.m.s. error is hence 0-25 per cent. 


PROGRAMME CONTROL UNIT 


This unit routes all. the information to the output re- 
corders and display equipment and also contains the 
logical circuits which control the sequencial operation of 
the printers under alarm conditions. 

The digital output from the analogue to digital con- 
vertor, the digital clock and point identification informa- 
tion from the input scanner is routed to the printers via 
this unit which selects which information is to be printed. 
In the case of the strip printer, all information is routed 
out in parallel but in the case of the typewriter, the 
information is serialized and fed to the printers one digit 
at a time. 

The programme control unit also carries a centralized 
alarm panel comprising the following alarm lamps:— 

Power supplies. 

High parameter value. 

Low parameter value. 

Open-circuit. 

Short-circuit. 

System check. 

Scanner fault. 

Typewriter fault. 

Controls for the scanner and printers are also mounted 
on the front panel of this unit, giving the facility of scan- 
ning continuously looking for alarms, scanning at inter- 
vals selected on the clock, or performing one scan upon 
pressing the ‘scan demand’ button. 

Each printer may also be used as a logging printer, i.e. 
printing out all information scanned at regular intervals 
of time or as an alarm printer, i.e. printing out only 
identification and value of alarmed parameters. 


DiacitaL CLock 


The digital clock generates the time in hours and 
minutes for driving the output printers and also for 
initiating logging at regular intervals. It includes a four 
digit Nodistron display which indicates the time and may 
be used for setting up the clock initially. 

The unit is synchronized from the 50c/s mains by 
means of a synchronous timing unit which operates a 
microswitch once per minute. These pulses drive the 
‘minutes’ uniselector which in turn drives an ‘ hours’ uni- 
selector. 

Two decade switches permit logging intervals to be set 
as follows: — 

Minutes—S 10 15 20 30 60 
Hours —2 4 8 12 24 


DIGITAL STORE AND DISPLAY 


Any number of digital stores and displays may be 
incorporated with the equipment. 

The functions of the store and display are to enable 
input parameters to be monitored at the high scanning 
speed without having to slow down to a speed compatible 
with conventional output printers. The store in opera- 
tion, is supplied, once per scan, with the digitized para- 
meter value from the selected input. 
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In the intermediate period, the information is stored 
and displayed continuously. When the scanning unit 
again returns to the selected input the store is reset and 
supplied with the new digitized value of the parameter. 

The store comprises a number of printed circuit boards 
(being one decimal digit) each having ten cold-cathode 
trigger tubes. The appropriate trigger tube is struck by 
the output pulse from the analogue to digital convertor and 
the change in potential on its anode then illuminates the 
appropriate numeral in the Nodistron display tube. 

Selection of the required input to be displayed is per- 
formed by decade rotary switches on the display unit and 
only involves switching a single line. This is achieved 
by driving all displays in parallel at all times but only 
energizing the appropriate store at the instant in time 
at which the input is connected to the selected parameter. 


OuTPUT RECORDERS 


A number of printers may be used with the equipment 
ranging from a high speed strip printer, the Hewlett 
Packard 561B, capable of printing five, eleven digit, lines 
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Fig. 6. A section of a typical log sheet obtained from an electric typewriter 
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per second; a conventional electric typewriter, capable of 
printing at about 10 digits per second; or a paper tape 
punch, the Creed Mark V, capable of printing 32 charac- 
ters per second. 

Under all output recording conditions, the information 
recorded normally comprises 

Point identification—3 decimal digits or characters. 

Space -1 decimal digit or character. 

Parameter Value -3 or 4 decimal digits or charac- 
ters. 

High/Low/Normal/ Faulty 
character. 

Time as four decimal digits and the check point for 
the equipment, are usually printed at the beginning of 
each scan. 

On the typewriter, faulty points or alarmed points are 
printed in red. 

A typical log sheet obtained from an electric typewriter 
is shown in Fig. 6 and a record from a strip printer in 
Fig. 7. 


POWER SUPPLIES 


Indication—1 digit or 


The equipment operates from the 110-240V 40-60c/s 
single phase mains supply. 

Stabilized h.t. is provided for the reference level unit at 
50V 200 mA with a stability of 0-05 per cent. 

The analogue to digital convertor has its own built-in 
stabilized high tension supplies at +250V. 

Low voltage supplies for relay and stepping switch 
operation are provided at SOV SA and valve heaters 
operate at 6°3V a.c. 

Stabilized h.t. is provided for the digital stores and 
displays at 350V and 250V 150mA. 


System Checks 
A number of checks on the operation of the equip- 


A Car Driving Trainer 


A basic car driving trainer—the Sim-L-Car—which will 
enable drivers to become completely at ease in a motor car 
and to get the ‘fel’ of driving before venturing on the 
road, has been developed by General Precision Systems Limited, 
Aylesbury, Buckinghamshire. 

The equipment is unique in that any type of car can be 
used and the characteristics accurately translated on to an 
8ft x 4ft screen in front of the car. The screen shows a typical 
roadway complete with road signs, side roads, telegraph poles, 
hedges and trees. The driver, with an instructor beside him, 
can ‘drive’ anywhere he chooses within the limits of the 
shadowgraph model at any speed between zero and 60 mile/h. 

The Sim-L-Car comprises a shadowgraph linked to the car’s 
controls. A stationary point of light, level with the driver's 
eye, throws the picture on the screen from a disk on which 
the roadway model is built. The disk moves about the light 
source in response to the driver’s use of the controls. This 
results in a highly realistic moving scene. 

The noise of the car is electronically simulated and a control 
panel, held by the instructor, reflects the pupil’s use of the 
gears, clutch, brake, etc. This means that where advanced 
driving techniques, such as double de-clutching, are being 
taught the instructor can see that they are carried out correctly. 
Attached to his panel is a speedometer showing the simulated 
road speed in miles per hour. 

Should the driver touch the side of the road a buzzer sounds 
in the car. Additional refinements include a reaction timer 
measuring in tenths of seconds the time from the instructor 
Sa an emergency stop and the pupil depressing the brake 
pedal. 

To set up the Sim-L-Car, the car to be used is driven on 
to a ramp and the front wheels guided into a pair of swivel 
units. These allow the steering wheel freedom of movement 
throughout its full range. The normal steering ‘feel’ of the 
car to be used can be obtained through adjustment of the units. 
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ment are performed while it is functioning. 


At the commencement of each scan, a known voltage 
obtained from a standard reference cell is fed to the 
input and compared with an upper and lower limit in the 
alarm detector. If the output does not fall within the 
prescribed limits, an alarm condition results. 


If an open- or short-circuited input transducer lead 
exists, the equipment detects this by noting that the out- 
put of the data amplifier is either excessively negative or 
excessively large. This detection is performed in two 
further alarm detectors. 


Under these conditions the identity of the transducer 
is printed. 


Blanks are printed in place of the parameter value and 
the appropriate symbol indicating a broken or short- 
circuited transducer is also printed. 


Should the scanning unit cease to operate, due to any 
fault whatsoever an alarm condition is immediately de- 
tected and the faulty relay may be identified, by demand- 
ing a scan, the printed record so obtained stopping at the 
faulty point. 

Should any power supply fail, an alarm condition is 
indicated by the de-energization of,a relay which extin- 
guishes the appropriate lamp. 


All alarm conditions de-energize their appropriate alarm 
relay and extinguish the appropriate alarm lamp on a 
centralized warning panel. 

In addition, all alarm conditions sound an alarm bell. 
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The off-side unit is connected to the shadowgraph and by it 
the position of the car relative to the picture on the screen is 
dictated. 

The normal foot pedals are used but tehind them are slipped 
three s2parate controls mounted on a panel designed for the 
particular car. When the driver uses any foot control, the coinci- 
dent pedal is actuated and this again affects the movement of 
the shadowgraph. 

For the driving school the advantages of a Sim-L-Car are 
many. It can be used irrespective of weather conditions such 
as ice, snow or fog and during the long winter evenings. 
Furthermore there is no wear and tear on the car, no insurance, 
no maintenance and no running costs except for a negligible 
amount of electricity. 


A motor car set up on the Sim-L-Car rig with the viewing screen 
mounted in front of it 
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A Low 
Frequency 


Noise 
Generator 


By N. T. Slater*, B.Sc. (Hons.) 


By means of a sampling technique 90 per cent of the noise power present in a high frequency 
band is converted into low frequency noise. This enables a high output level at low frequency to 
be obtained without the use of a high gain d.c. amplifier and its inherent drift characteristic. 
Simple and effective control keeps the source output constant and a method for accurate 


measurement of the final output power is described. The amplitude distribution of the output is 
equal to that of the primary notse source. 


The generator operates entirely by electronic means using no moving mechanical parts. 


(Voir page 526 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 531) 


NOISE generator was required for use with a ‘LACE’ 

analogue computer’ to simulate the effect of atmos- 
pheric turbulence in aircraft problems. The required 
frequency range of the power spectrum was 0-01 to 
20c/s, with a Gaussian amplitude distribution and 
adequate output voltage to provide forcing for the 
analogue equations. 

Generators have been built elsewhere* using relays or 
commutator-bar elements; the one described operates 
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Fig. 1. Basic system 
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Fig. 2. The waveforms 


entirely by electronic means and uses no moving 
mechanical parts. A simple and effective method of 
control keeps the source output constant, and means for 
continuous measurement of the final output is described. 


Theory of Operation 

All available noise sources have only a small electrical 
output, so that high amplification is necessary to give 
an acceptable output level. In this application the 
spectrum must also contain frequencies down to 0-Olc/s. 
If a high-gain d.c. amplifier was used, the inherent drift 
of such an amplifier would affect the shape of the low- 
frequency end of the power spectrum. This difficulty 
can be overcome by amplifying at high frequency and 


* English Electric Aviation Ltd. 
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transferring the power to the required frequency range 
by a sampling process. 

The essentials of the system are shown in Fig. 1 and 
the output waveforms in Fig. 2. The amplitude distribu- 
tion of the output will be the same as that of the primary 
noise. 

It is necessary to calculate: 

(1) The r.m.s. value of the output power. 
(2) The shape of the output power spectrum 


Fig. 3. Autocorrela- 
tion function 








=f +T 


If it is assumed that successive samples Ex, Ex4: are 
not correlated (i.e. pure white noise is being sampled) 
then the auto-correlation function has the magnitude and 
shape indicated in Fig. 3. From this the power spectrum 
P (w) can be calculated as: 

P (w) = P.T sin’ x f 7 
(xfT) 


where 

7 sampling period 

f = frequency in question 

P total power of the noise being sampled. 
The shape of the power spectrum is indicated in Fig. 4. 
From this expression the following properties can be 
obtained : 


(1) All frequencies are present except f=1/T, 
i oe 


1/2T, 


The above photograph shows the control panel 
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(2) The total power in the output spectrum is equal 
to the power (P.) in the spectrum being sampled. 

(3) The power in any small band of frequencies 
near Oc/s is dependent on the sampling period 7 
and the total power P, in the noise waveform. 

(4) It can be shown that 90 per cent of the total 
noise power lies in the frequency region from 
f=0 to f=1/T. 
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Fig. 4. The power spectrum 
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For such a diode: 
PF =318x10"/. Af. 
Where i = r.m.s. fluctuation (A). 
I = mean diode current (A). 
Af = frequency band of noise. 
If Af = 6000c/s, J=S5ma (CV 2171) 
then i = 3x 10°A. 


If the noise voltage is developed across an anode 
resistor of 33kQ then the source output is 100”V r.m.s. 
The a.c. amplifier thus requires a gain of 100dB in order 
to give an output of 10V r.m.s. 


The d.c. voltage drop across the anode resistor gives 
a measure of the noise output, since this is proportional 
to the mean diode current. This signal can be used to 
control the anode current by adjustment of filament 
current. Continuous monitoring of the mean anode 
voltage is provided to ensure that it does not fall below 
the value required for saturated emission. 
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Fig. 5. 


Thus by means of the sampling process the bulk of 
the high frequency power has been transferred to fre- 
quencies near Oc/s. 

In the above calculations it was assumed that pure 
white noise was being sampled, when in fact band-limited 
noise was used. The errors introduced by this can be 
shown to be small if the pass-band frequencies are high 
compared with the sampling frequency’. The ‘pass-band 
frequencies in the generator were 2 to 8kc/s and samp- 
ling frequencies of 20 to 50c/s were used. 


Noise Source 

The problem of drift in d.c. amplifying stages has been 
overcome by the sampling technique, but in order to 
ensure a steady r.m.s. output, the output of the primary 
noise source must be accurately controlled. 

Simple and effective control, together with compara- 
tively high output, can be obtained by using a diode 
operated in temperature limited condition. 
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Noise generator 





Fig. 6. The sample and hold system 


Diode Control System 

A block diagram of the control system is included in 
Fig. 5. The d.c. anode potential is compared with a 
variable reference, and the error signal amplified by 
means of a long-tailed pair. The output from this amplifier 
controls the filament current through an OC16 transistor, 
the d.c. power being obtained from a simple transistorized 
supply fed from an 8V transformer tapping. Adjustment 
of the reference level enables the noise output to be 
varied over a small range within the saturated region 
of the diode. 

It was found desirable to protect the filament from 
excessive current due to failure of the d.c. amplifier. 
Since the base driving voltage for the OCI6 was about 
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—4V, effective protection was provided by connecting 
a 6V Zener diode between base and earth. This allows 
the base to move between 0 and —6V only, holding the 
filament current to a safe value in the event of a large 
negative output from the amplifier, and holding the base 
at earth by the normal diode action if the amplifier 
output should try to rise to a large positive value. 

The loop was designed to have low gain at the noise 
frequencies (2 to 8kc/s) so as not to affect the shape 
of the output spectrum, this property being provided to 
a large extent by the thermal lag in the filament. 


The A.C. Amplifier 

This amplifier has a feedback gain of about 100dB 
and a pass-band of 2 to 8kc/s. The input stage is cascode- 
coupled employing wire-wound resistors to keep unwanted 
noise signal to a minimum. 

The gain of this amplifier is small at sampling fre- 
quencies (<50c/s) so that the negative feedback will not 
materially reduce the output impedance at these fre- 
quencies. To overcome this difficulty a d.c. amplifier of 
unity feedback gain is used as buffer between a.c. ampli- 
fier and sampler. 


Sample and Hold System 

Fig. 5 shows the method of sampling, together with 
associated waveforms. The operation of the circuit is 
identical with that of Fig. 6; the diode circuit performing 
the function of switch S. Whenever the switch opens the 
then present signal will be held by capacitor C; when the 
switch is closed the circuit is an ordinary invertor of unity 
gain, provided that the time-contsant RC is small com- 
pared with the period at the highest noise frequency 
(8kc/s). C must be large enough to prevent significant 
voltage change during the hold period due to leakage 
and grid current. Values of 10kQ and 250pF were found 
to give satisfactory sampling. 

The first switch opens for a period 7; (say) and closes 
for a period (JT —T7;) where T is the period of the switch- 
ing waveform. The second switch closes for a period 72 
and opens for (TJ—T7:). If 7:>T7:2 the output will have 
the desired shape. This form of sampling prevents short 
transients produced at the instant of switching levels in 
the first switch being fed through to the output. These 
can die out in the interval 7;—7:/2 before the second 
switch takes its sample. 

This sampling system was found to give a clean output 
free from spikes or transients. 

The amplifier A: has to operate at frequencies up to 
8kc/s, and gives 50dB gain at this frequency. The voltage 
capability was +50, representing one machine unit on 
the computer giving a peak-to-r.m.s. value of 5:1 for 10V 
r.m.s, noise output. The peak signal of 50V was found to 
occur after relatively long time intervals and in use the 
r.m.s. value was very often amplified on the analogue 
computer at the expense of peak-to-r.m.s. ratio. 

One difficulty with such a system is that when the 
switch S is open the amplifier is prone to 50c/s pick-up, 
since the 250pF capacitor presents a. high impedance to 
signals at this frequency. To reduce pick-up to a minimum 
the switch diodes (EB91) were operated with d.c. heater 
supplies and the usual screening precautions were taken. 


Noise Measurement 

A thermocouple meter is used to measure the r.m.s. 
output value. In order to obtain a steady reading the 
thermal! time-constant must be long compared with the 
lowest noise frequency being measured. This condition 
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is necessary because the instantaneous value of random 
noise varies and it is the time averaged which is required. 
Since the meter pointer oscillates for inputs of less than 
1c/s the above condition is not satisfied at the final output. 


The r.m.s. value of the final output is equal to that 
of the band-limited noise, so the meter will read the 
correct value if placed before the sampler. It will now 
have a high-frequency input and will give a steady 
reading. 

Because no continuous monitoring of the final output 
is provided, two d.c. test signals of +50V are provided 
to check gain and capability of the sampling system. 
This check is normally carried out each time the d.c. 
amplifiers are zeroed. 


Conclusion 

The variation in mean output level was less than 
02V/h, this figure being entirely dependent on the d.c. 
invertors. If chopper-stabilized amplifiers were used the 
drift could be much reduced, enabling the generator to 
be used at lower frequencies. With the d.c. amplifiers 
used no appreciable signal above 0-Olc/s was present 
at the output when the noise source was disconnected. 

The output waveform of the generator has been 
analysed on a DEUCE digital computer, and value of 
output, amplitude distribution and shape of power 
spectrum were found to agree with the predicted values. 

Although the output power spectrum is not flat over 
a wide range its shape is known and if necessary can be 
allowed for in an analogue computer problem. 
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An Engine Telemetering System 


The usual methods of obtaining information from moving 
parts on the variations of physical quantities (e.g. strain, tem- 
perature, relative displacement etc) require the use of devices 
such as slip-rings, flexible leads or intermittent contacts. 

To avoid the disadvantages of such devices the British 
Internal Combustion Engine Research Association has developed 
a transistorized radio telemetering system using small but robust 
encapsulated units. 

For instance, a transmitter complete with aerials and batteries 
may be mounted inside a piston reciprocating in a cylinder and 
the temperature at a selected point on the piston telemetered. 

A carrier frequency of 2Mc/s is used and this is frequency- 
modulated by the transducer. At the receiver the frequency 
variations are converted into voltages suitable for display on 
an oscilloscope. 

Similar equipment is used with conventional transducers for 
telemetering pressures, strains, displacements, and accelerations. 


Batteries (below) transmitter and aerial (above) 
mounted in a piston 
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Systems Using Transistors and Transductors 


By D. A. Ramsay*, B.Sc. 
(PART 1) 


Transistors are limited in voltage and power level and are sensitive to temperature variation. Trans- 
ductors do not have these particular limitations and for some applications these two devices have 


complementary properties so that their combination provides advantages over the use of one or the 


— 


other alone. In particular, a transistor control element can be incorporated with transductors to 

provide amplifiers which are not limited in output power or voltage. Also, highly efficient power 

amplifiers can be formed with circuits analogous to those of magnetic amplifiers, but in which the 

output transductor elements are replaced by switching transistors or by controlled silicon recti- 

fiers; in these circuits transductors can be very suitable as control elements. Especially in conjunc- 

tion with switching transistors, the useful properties of transductors can be exploited to provide 
small, robust and highly efficient systems. 


(Voir page 526 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 531) 


TRANSDUCTOR is a device consisting of one or 

more ferromagnetic cores with windings which utilizes 
saturation phenomena in the magnetic circuit to control 
electrical power. A ‘transductor element’ is one of the 
cores with its windings which forms part of the transductor. 

The most common use of transductors has been in mag- 
netic amplifiers, which are electrical power (or signal) 
amplifiers in which amplification is produced by trans- 
ductors. However, the ncn-linear behaviour of the mag- 
netic core of a transductor element provides a number of 
useful effects besides amplification' and some of these 


effects are described below. 
) yt 
+) 


o 
6 2 | 
WV turns 


Fig. 1. The transductor element — 
4 effective cross-sectional area (cm’) 
l mean length of magnetic path (cm) 








Transistors are compact, robust and reliable components 
which can operate efficiently down to low power levels. To 
retain these advantages in complete equipments there is a 
trend towards using transistors exclusively as the active 
elements in these equipments. For some functions, how- 
ever, the temperature sensitivity of transistors and their 
limited voltage and (at present) power ratings can either 
require that other types of components be used or lead to 
undue circuit complexity if transistors alone are used. 
Transductors, which do not have these particular limita- 
tions, but which can have in common with transistors the 
advantages listed above, may then in some cases be 
combined with transistors to provide the best method 
of performing a particular function. Several ways are 
described below of combining transistors and transductors 
to provide advantages over the use of either one or the 
other type of component alone. 

In particular, a transductor can incorporate a transistor 
control element to provide amplifiers which are not limited 
in output voltage or power. A design method for optimizing 
this combination is described in some detail. 


B-H Loops 


If the following approximations are assumed to be valid 
for a transductor element (Fig. 1): 


(a) The flux density B and the magnetizing force H are 
uniform throughout the volume of the core 


(b) There is no leakage flux 


* Applied Electronics Laboratories of The General Electric Co. Ltd, 
Stanmore, England 
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(c) The /R drop in the winding is zero 


then the electrical and magnetic circuits of the transductor 
are related as follows: 
vr = 10-° NA (dB/ dt) 


(It is convenient in this work to adopt the sign conven- 
tion that a positive applied voltage induces a positive rate 
of change cf flux density.) 


t 
B(t) Bio) (10°/AN){ vrdt 


i= ((10/4z) U/N))A .. 
H = ((47/10) (N/D)i 
Vripk) SiN wf, then from equation (2): 
B(t) = Bipx) sin (wt — 7/2) + [Bipx ia .... & 
where: 


if VT 


B pk (10°/ AN) (vr pk) /w) 


If the 7R drop in the winding is not zero but is, say, a 
few per cent of vripx), then Bix) will be a few per cent less 
than the value given in equation (6). Also the flux density 
waveform is then modified from that given in equation 
(5); the periodic component becoming not quite sinusoidal 
and the second term on the right-hand side having an 
exponential factor which decays to zero in about, say, ten 
to twenty cycles. 

If the peak voltage vripjx) exceeds a certain value then 
the peak induction Bip); becomes sufficiently large for the 
core, some of the time, to be taken well into saturation. 
During such times, the winding current can be so large that 
assumption (c) becomes invalid and equations (1), (2), (5) 
and (6) cease, even approximately, to be true. 

Summing up, if a sinusoidal voltage not exceeding a 
certain level is applied to a winding of a transductor 
element (other windings being open-circuits) then this 
impresses a nearly sinusoidal flux density in the core which, 
in the steady-state, swings symmetrically about zero. 
Corresponding to this periodic flux there is a periodic 
magnetizing force, also, in the steady-state, varying sym- 
metrically about zero but in general severely distorted from 
the sinusoidal. 


UNPOLARIZED MAGNETIZATION 


If a sinusoidal voltage is applied to a winding of a trans- 
ductor element and the core induction B is plotted against 
the magnetizing force H, then in the steady-state, the 
resultant curve is a closed loop. Fig. 3(a) shows an observed 
family of loops corresponding to a set of values of applied 
voltage; the family shown is typical of ‘rectangular loop’ 
core materials (H.C.R. at 50c/s), i.e. materials for which 
B,/B; is nearly unity. When the peak value of the induc- 
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tion, Bix), is very much less than the saturation value B,, 
then to a first approximation the loops are ellipses. As Bipx 
approaches B, large peaks appear in the wave shape of the 
magnetizing force and hence in the magnetizing current. 

If Vr,/r denote the mean values (i.e. of the rectified 
waveforms) of vr, ir then the curve /7/Vr (Fig. 2), termed 
the ‘mean value magnetization curve’ of the transductor 
element, has a shape which for a sinusoidal applied voltage 
at a given frequency is characteristic of the core material, 
and it is often used in transductor work. (Except for the 
sumbols B and H, capitals will subsequently be used to 
denote mean values of time variables.) 

Transductor elements in magnetic amplifiers are usually 
operated with an applied alternating voltage which swings 
the flux density just short of the positive and negative 
saturation value, i.e. corresponding say to the second largest 
loop in Fig. 3(a) and to the knee of the magnetization 
curve in Fig. 2. The mean value of this alternating voltage 
will be referred to as the ‘saturation voltage’ of the 
element for the particular frequency and denoted Vs. 


POLARIZED MAGNETIZATION 

If a polarizing magnetizing force is impressed On a trans- 
ductor element core (e.g. by passing a direct current through 
a second winding) then the B-H loops become asymmetrical 
with respect to the origin. Fig. 3(b) shows an observed 
family of steady-state asymmetrical B-H loops for a set of 
values of positive polarizing magnetizing force and a Vr 
corresponding to the saturation voltage (H.C.R. at 50c/s). 
As the polarizing force increases, then so does the fraction 
of a cycle during which the core is in saturation. With a 
very large polarizing force the core remains in saturation 
throughout the cycle. In this case assumption (c) is at all 
times invalid and the current through the a.c. winding is 
limited only by the leakage flux, the resistance of the wind- 
ing and the impedance of the applied voltage source. 

Fig. 3(c) shows a family of steady-state asymmetrical 
loops for the case where Vr is much less than the satura- 
tion voltage. To a first approximation all these loops are 
ellipses. As the polarizing force increases, the slope of the 
major axis of the B-H loop decreases, i.e. the incremental 
permeability of the core, and hence the inductance of the 
a.c. winding, decreases. 

The area of a closed B-H loop is a measure of the total 
core loss per cycle. If, keeping Bix) constant, the frequency 
of the applied alternating voltage is increased, then the 
eddy current loss in the core is increased and the loop 


Fig. 2. Mean value magnetization curve 


(0-004in H.C.R., N = 250, A 0-S6cm?, 1 = 46cm) 
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Fig. 3. The B-H loops 
(a) Unpolarized (b) Polarized (c) Incremental (d) Pulsed (diagrammatic) 


widens. Also if Bx) and the frequency are both kept con- 
stant, but the flux waveform is distorted from the sinu- 
soidal then the introduction of higher frequency com- 
ponents changes the eddy current loss and the area and 
shape of the loop. In some cases the distortion effect is 
small: for example severe distortion of the 50c/s alternat- 
ing voltage applied to the transductor element when observ- 
ing Figs. 3(a) and 3(b) changed H-values by no more than 
a few per cent. 

In general, however, the shape of a steady-state B-H loop 
is a function of the intrinsic magnetic properties of the 
core material, its resistivity. and the frequency spectrum of 
the B waveform or of the H waveform. 


PULSED MAGNETIZATION 


So far closed steady-state B-H loops have been con- 
sidered, corresponding to the application of an alternating 
voltage to a transductor element winding for an appre- 
ciable number of cycles. If a pulse of voltage is applied to 
the winding, then, provided the winding resistance can be 
neglected, equation (2) shows that the total change in flux 
density that results is: 


my 
AB = (10°/AN) f vrdt... 


where (fi, f) is the pulse interval. If H (and hence the 
winding current i) is zero before and after the pulse then 
this increment AB is added to the initial flux density of the 
core. The initial flux density may have any value (depend- 
ing on the previous history of the core magnetization) 
between —B, and +B, where B, is the remanent flux 
density corresponding to H being reduced to zero from a 
very. large value. 

Fig. 3(d) is a diagram idealized to illustrate the B-H 
behaviour of a rectangular-loop material when a series of 
pulses of constant volt-seconds, each equivalent to say AB, 
is applied to a winding. The flux density initially corre- 
sponds to the point 0 on the B-axis where B, = — B,. The 
first voltage pulse increases B to B, via curve 1, where 
(B; — B.) = AB. The second pulse increases B from B; to 
B, via curve 2, where again (B, — B;) = AB, and so on. 
In the Figure, AB is slightly less than 2B,/9 so that in this 
case nine pulses can be applied without taking the core 
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into saturation. The first nine current pulses in the wind- 
ing are therefore small, being limited to the magnetization 
current level. The tenth pulse, however, takes the core 
well into saturation so that a large current pulse flows, 
in this case being limited only by the winding resistance 
and the external impedance. The tenth pulse increases B 
only slightly, from B, to By = B,. Further pulses corre- 
spond to a very shallow, very wide closed B-H loop which 
touches the B-axis at B, and runs well into saturation. 

If, in the above process, the volt-seconds value of each 
pulse is increased, then AB is increased and the number of 
pulses required to take the core from —B, to +B; is 
reduced, 

The above is a much simplified account of pulse mag- 
netization which is in fact a highly complex process (for 
example, see Melville’). In particular if the magnetizing 
force does drop to zero at the end of a pulse, a negative 
voltage will be induced across the winding which reduces 
somewhat the effective volt-seconds of the applied pulse, 
and by an amount which varies with succeeding pulses. 
Also, for equation (7) to be at least approximately true the 
series resistance in the winding circuit must be much less 
than the winding impedance. In this case the decay time- 
constant of the magnetizing force H is large and it is 
unlikely that H will have dropped to zero before the onset 
of the next pulse. Nevertheless, the essential features 
indicated by Fig. 3(d) can be usefully implemented in 
practice*, 

If a transductor winding is fed from a current source 
(i.e. a very high impedance source rather than the low 
impedance sources so far considered) there is a feature of 
the behaviour of the magnetic core which is of practical 
use, If a current pulse is applied to the winding, of a peak 
value not greater than that of a preceding current pulse, 
then the terminal flux density of the core tends to be little 
changed by the second pulse. The extent to which this is 
true depends on the material and design of the core®. Thus 
if a core is set to a datum flux density (e.g. —B;) and a 
varying current is impressed on the winding, then the core 
flux density at any instant can be an approximate measure 
of the peak value of the current that has passed through 
the winding. 


Useful Properties of a Magnetic Core 
SwITcH 


A winding on a core may present a very high impedance 
to an impressed voltage when the core is unsaturated; a 
very low impedance when the core is saturated. 


MEMORY 


The level of flux density in a core whose magnetizing 
force is zero is retained indefinitely. This level may. have 
any value between — B, and + B,, depending on the history 
of the voltages and currents applied to windings on the 
core prior to the magnetizing force being brought to zero. 


TIME AND FREQUENCY REFERENCES 


If t; is an instant when the core flux density of a trans- 
ductor element is at —B, and f is the instant when it is 
subsequently at +B,, then from equation (2): 


4 
f vr dt = 2.10-° AN B, 


t 


1 
= a constant for the transductor element. 
That is, a given element can absorb a fixed value of volt- 
age-time integral or volt-seconds in going from negative 
saturation to positive saturation. 
If vr is constant over (fh, f2) then: 


fe —t; = (2.107 AN B,). 1/vr 
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i.e. the time interval between successive saturation instants 
(which can be sharply defined by the rapid rise in coil 
current) is inversely proportional to the voltage across the 
coil. Thus a known time interval can be generated by apply- 
ing a known voltage across a transductor element winding. 

The above process can be made recurrent so that a 
frequency proportional to an applied voltage is generated**. 


VOLTAGE REFERENCE 


If a transductor element core is driven successively into 
positive and negative saturation by a sufficiently large 
alternating voltage at a constant frequency then equation 
(8) shows that the mean voltage generated across a winding 
is completely determined by the value of this frequency 
and the constants of the transductor element. 


VARIABLE LINEAR INDUCTANCE 


A direct control current in a transductor element winding 
can vary the incremental permeability of the core (Fig. 
3(c)). An a.c. winding on the core then forms an inductance 
whose value can be varied by the control current. Provided 
the voltage across the a.c. winding is small compared with 
the saturation voltage the incremental B-H loops are 
approximately, ellipses and hence the inductance is 
approximately linear. 


FERRORESONANCE 


A non-linear series or parallel resonant circuit can be 
formed with a transductor element and a capacitor. These 
circuits can have bistable characteristics which may be 
applied to pulse shaping and generation, logic operations, 
etc. They can also be used to generate oscillations which 
are sub-harmonics of the supply frequency. 

Storm’ classifies basic circuits using the properties 
described in the paragraphs above and lists their applica- 
tions. 


Basic Flux-Reset Magnetic Amplifier 

Fig. 4(a) shows the basic form of a type of magnetic 
amplifier proposed by Ramey** in 1951. This type of 
amplifier is sometimes termed (for reasons which will 
appear below) a ‘ flux-reset’ magnetic amplifier. An alter- 
nating supply voltage va is applied to a transductor 
element whose saturation voltage V, equals V, (the mean 
value of v,) in series with two parallel branches: a load or 
output branch containing the load resistance Rx, and a 
control or ‘reset’ branch containing the control voltage 
vc. For effective operation this type of magnetic amplifier 
requires cores for which B,/B, is nearly unity, ideally 
having B-H loops of the form shown in Fig. 4(c). (Compare 
Fig. 3(b)). To simplify the explanation of the behaviour 
of this circuit, v. will first be given the form of a half-wave 
rectified sinusoidal voltage of the same frequency as Va 
and independently variable in amplitude from zero to 
Va(pk), the peak value of v, (Fig. 5(a) and 5(b)). 

Suppose that at the start of a negative half-cycle of va, 
wt = 0 and the core has the initial conditions B = B,, 
H = 0, i.e. the core operating point is at 1 on the B-H loop 
of Fig. 4(c). Over the following negative half-cycle of vs, 
wt = 0 to wt = 2, rectifier 1 is open, rectifier 2 conducts 
and the negative supply voltage diminished by the opposing 
control voltage v. is impressed across the transductor 
element winding. This causes B to reduce, or ‘ reset’, from 
B, to By say, where, from equation (2): 


B, — By = (2.108 / wAN) (Vatpx) ~ Vo(pk)) o6e0 (10) 


Over this control or resetting half-cycle of the supply the 
core operating point in the B-H plane moves over the path 
1-2-3-4 (Fig. 4(c)). During this half-cycle the current flow- 
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ing in the circuit is limited to the very low magnetization 
current level i,; this resetting current flows in opposition 
to v. sO that a small amount of power is returned to the 
control element supplying v.. 

Over the following positive half-cycle of vs, wf = = to 2z, 
rectifier 2 is open, rectifier 1 conducts and v, is impressed 
across the winding in series with Rx. In practice, Riis < 
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Fig. 4. Basic flux-reset magnetic amplifier 


(a) with voltage source control element (b) transistor control element 
(c) idealized core B-H loop 
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Fig. 5. Waveforms 
(a) supply voltage (b) control voltage (c) load voltage: 
(d) load voltage: H.C.R. Core 


oO o 


ideal core 


Vaipx), that is the unsaturated impedance of the transductor 
element is made much greater than the load impedance. 
Thus so long as the core is unsaturated the supply voltage 
appears almost entirely across the winding. This positive 
voltage causes B to rise from By to reach Bs at some instant 
during the positive supply half-cycle, say at wt = 7 + @, 
where from equations (2) and (10): 

cos 6 = (Bu / Bs) = 2 (ve pk) / Vatpk)) mE cece (11) 
Over wt = z to wt + 6 the core operating point moves over 
the path 4-5-6 (Fig. 4(c)). 

At wt = « + 6, the ‘ firing angle’, the core saturates, the 
winding impedance becomes almost nil and v, is abruptly 
transferred from being almost entirely across the winding 
to being almost entirely across the load Ry. The supply 
current i jumps from the value i, to the much larger value: 

it, = (vs/ Rx) 
This large value of current through the winding holds the 
core in saturation until it drops to zero at the end of the 
half-cycle. Over wt = 7 + @ to wt = 2m the core operating 
point moves over the path 6-10-1. 

The output voltage waveform vz for this circuit with an 
idealized core is shown in Fig. 5(c). Fig. 5(d) shows an 
actual vz waveform for the core of H.C.R. for which B-H 
loops are shown in Fig. 3(b). 

AS Vcipx) is increased from zero to Vaipx), Bu increases 
from —B, to +B, (equation (10)) and 6 decreases from 
2m to x. If Va, V. and Vx are the mean values of the supply 
voltage, control voltage and load voltage respectively and 
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is is assumed to be negligibly small then it can be shown 
from the foregoing equations that: 
Vi=V. for0< Vos 4a 

Thus, provided mean values are taken as the measures of 
the output and input voltages, the system described above 
forms a linear voltage amplifier of unity gain. Fig. 6 shows 
the mean value voltage transfer characteristics of this 
amplifier (a) with idealized core (i, not negligible); and (b) 
with H.C.R. core. 

If the power gain G of the above amplifier is defined as 
the maximum ratio of the mean power dissipated in the 
load to the mean power dissipated in the control element, 
then it can be shown that: 

G = (Vs/ Rui) 
i.e. G is approximately equal to the ratio of maximum to 


4 
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Fig. 6. Meaa load voltage (V,)/mean control voltage (V,) curve 
(a) Idealized core (b) H.C.R. core 
minimum mean output voltage. In Fig, 4(c) the core power 
loss per unit volume is proportional to i,. Thus G is 
approximately inversely proportional to the core loss per 
unit volume when this core loss is measured at the supply 
frequency and for saturation peak flux density. 

Iron and copper losses are the major losses in the above 
amplifier. Efficiencies of above 80 per cent can be obtained, 
an upper limit being set by the core loss at the supply. 
frequency. 

An input voltage to the circuit of Fig. 4(a) must be 
present over a complete reset half-cycle before the firing 
angle of the succeeding output half-cycle has the steady- 
state value corresponding to this input. There is therefore 
a minimum time lag of one supply half-cycle between input 
and output. This amplifier is called a ‘ half-cycle response ’ 

r ‘high-speed’ magnetic amplifier to distinguish it from 
earlier types of magnetic amplifier whose response times 
are of the order of 10 cycles, rather than one cycle, of the 
supply. 

If the amplitude of the control voltage is varied sinu- 
soidally at signal frequency; the above amplifier responds 
to signal frequencies in the range zero to one quarter the 
supply frequency at the latter frequency the amplifier lag 
is 45° and its voltage gain is 3dB below its value at low 
frequency. 
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AN EDDY-CURRENT FLAW DETECTOR 


By E. Ruff*, B.Sc. 


Examination of airframe bolt-holes for cracks requires a quick non-destructive method. This article 
describes such an instrument using the effect on an inductance of a broken shorted turn, and gives 
some other related applications. 


(Voir page 527 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 532) 


ASTER speeds and greater utilization of aircraft are 
Pcestins even higher mechanical standards in the 
periodic examination of aircraft. The bolt holes of spar 
booms are now inspected for flaws and fatigue cracks to 
determine whether the boom has further ‘safe’ life. It 
was necessary to devise a method of doing this testing, 
such that an aircraft would be grounded for a minimum 
period. 


Fig. 1. The instrument and accessories 


As the personnel required to carry out the checking 
would be essentially unskilled electronically, an instrument 
was required which had a minimum number of controls and 
the simplest circuits consistent with reliability. The instru- 
ment to be considered measures 8in by. 44in by 34in and 
weighs 24lb. It has three controls to be set by the operator, 
one of which selects the particular function for which the 
instrument is to be used. A small attache carrying case con- 
tains the instrument, together with a number of probes for 
different size bolt holes and spare batteries (see Fig. 1). 
A 45V torch battery was chosen for supplies as this was 
readily available internationally. The instrument is a com- 
parator and can therefore only find flaws by comparison 
with a known good specimen. 


Non-destructive Eddy-Current Testing 

An eddy-current technique, using a probe to search the 
bolt hole, is employed, the electrical information gained 
being translated into terms of the magnitude of a defect 
in a bolt hole. The fundamentals of the technique can 
briefly be explained as follows. If the surface of an elec- 
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trical conductor is irradiated with a sinusoidal alternating 
field, penetration of this field, the ‘skin effect’ obeys the 
law: 
d = P| m.k.s. units 
\ UoURW 

where d = depth of penetration (metres) 

p = resistivity of material (ohm-metres) 

Uo = permeability of free space 

ug = relative permeability of material 


» = angular velocity of alternating field (radians. 
sec™"). 


Fig. 2. Modification of eddy-current path length by crack or flaw 
The total flux in a conductor is given by: 


where B is the flux density 
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i.e. the total flux is the product of the surface flux 
density B, and the depth of penetration d. Consideration 
of the particular problem suggested that a value for d of 
Imm would be ideal. The materials to be tested were all 
aluminium alloys and thus were very similar electrically, 
having the following nominal values for the relevant para- 
meters : 

p=45 x 10-*O metres 
p> 1 
The frequency of the alternating field must be approxi- 


mately 6kc/s in order that d should be 1mm under these 
conditions. 


Mode of Operation 

A single ‘search’ coil sited in a probe irradiates the 
immediate surround of the bolt hole, as shown in Fig. 2. 
The ‘search’ coil is acting as the primary of a transformer 
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with the periphery of the hole as a shorted-turn secondary. 
The effective eddy-current path length is shown for a good 
hole and the modified path due to a crack. This change in 
path length modifies the impedance of the shorted turn 
and thus the reflected impedance seen at the primary of the 
transformer, i.e. the ‘search’ coil. If the ‘search’ coil is 
incorporated as one arm of an a.c. version of a conven- 
tional Wheatstone bridge as in Fig. 3, this change of 
reflected impedance can be detected as a change of both 
phase and amplitude of the output of the bridge. In this 
case only the change of phase will be considered. 


Circuit Details 

Fig.-4 shows the layout of the instrument and the com- 
plete circuit is shown in Fig. 5. The output from the bridge 
is fed into a three-stage limiting amplifier. This consists of 
the three transistors V7,;,«, the first and third stages having 
d.c. feedback and stabilization. The diode MR; is included 
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Fig. 3. Bridge network 
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Fig. 4. The layout of the equipment 


to improve the mark-to-space ratio of the resulting square- 
wave, being connected in the reverse sense to the base- 
emitter junction. This square wave is then fed to the col- 
lector of transistor V7; which acts as a modulator phase 
discriminator, A reference square-wave, in phase with the 
bridge excitation, switches the transistor ‘on’ and ‘ off’. 
Typical waveforms observed at the collector of V7; are 
as shown in Fig. 6. At (A) there is no signal output from 
the bridge and only. the reference switching signal is present. 
At (B) the signal waveform, half the amplitude of the refer- 
ence, leads the reference. It will be seen that if those wave- 
forms are integrated about the zero level shown, which in 
this case is the centre of the waveform. (a) will give zero 
indication and (B) will give a positive indication, The instru- 
ment carries out this functicn using a d.c. microammeter. 
The zero level is controlled by applying a backing-off volt- 
age to the earthy side of the meter. The meter integrates 
the waveform over a number of cycles and gives zero 
reading for the waveform at (a) and a positive reading for 
that at (B). 


AUGUST 1960 


The oscillator, providing both the reference and bridge 
excitation, is a grounded emitter stage. An output of the 
correct phase is fed back from the collector of the tran- 
sistor to the base. The amplitude of oscillation is controlled, 
over a limited range of loading conditions, by rectifying 
part of the signal from the transformer winding in the out- 
put emitter-follower stage and applying it as part of the 
d.c. base bias of the oscillator transistor. The a.c. signal 
which is to be rectified must be sufficiently large to go 
considerably above the knee of the rectifying diode. A 
large resistor can be included in series with this rectified 
signal to limit the derived base current. The normal d.c. 
bias derived from the potentiometer ‘ bleed chain’ RV; sets 
the working conditions and hence the amplitude of the 
oscillator. A single limiting stage is included to produce 
the necessary. switching square-wave for the phase dis- 
criminator. This is also fed from the output transformer 
primary. The inherent action of the discriminator is also 
that of limiting, so that the switching waveform is 
improved 


The three front panel controls are: 


(1) A function selector switch with provision for check- 
ing battery voltage. 


(2) A variable potentiometer which sets the integration 
zero level. 


(3) A variable resistor in order to provide in-phase 
balance of the bridge circuit. There are no com- 
ponents included to give quadrature balance as this 
is obtained by balancing the coils themselves, by 
positioning the soft iron core relative to the coils, 
see Fig. 7. The sensitivity of the instrument can be 
varied or pre-set to a given value, within limits, by 
manipulation of controls (2) and (3). This changes 
the working slope of the bridge characteristics, which 
are non-linear. 


Operation of the Instrument 


In operation three separate ccils are used, two contained 
in a probe and one in the plug on the instrument end of the 
probe cable. The two coils in the probe can alternate their 
functions, one being used as ‘search’ coil and the other 
as ‘standard’ coil, Fig. 8 shows the two conditions, the 
facility being provided so that in cases of difficult access 
a bolt hole may have both the forward and reverse faces 
searched from the same side. The third coil in the plug is 
free from external influences and its reflected impedance 
remains constant under all test conditions. It can be used 
as the ‘standard’ coil and either probe coil then used as 
the ‘search’ coil. It is normal to use the coil situated at 
the free end of the probe. The instrument is used as a com- 
parator and thus a test specimen is compared against a 
known specimen. The double coil probe technique, employ- 
ing the two probe coils, overcomes any difficulties 
encountered if the periphery. of the test specimen bolt-hole 
is different to that of the known specimen. Any differences 
are eliminated as the two coils, in opposite arms of the 
bridge, are equally affected and cancel each other, It must 
first be ascertained, however, that there are no flaws oppo- 
site the portion of the bolt hole where the ‘ standard’ coil 
is situated or erroneous results could be obtained. The 
single coil probe technique, using only one of the probe 
coils, can be used to check this condition. The conditions 
of the bridge remain constant ignoring end-effects of the 
hole, as the probe is progressed through the hole except 
where a flaw occurs. In this way the exact position of a 
flaw can be ascertained. It is normal for reaming to take 
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place prior to testing to make the bolt hole as free from 
minor scores as possible. The known comparator specimen 
must contain both good holes, i.e. free from flaws, and 
holes with either a known fatigue crack or a simulated 
fatigue crack in order to calibrate the instrument. Stringent 
operating instructions have been devised in order to remove, 
as far as possible, errors introduced by individual operators. 


Further Applications 

Although only one application of the instrument has been 
discussed in detail, there are other purposes for which it 
may. be used. These uses are still in the development stage, 
but present results seem to show that the instrument is 
suitable for measuring paint thicknesses from 0-00Sin to 
0-05in on aluminium alloy skins, It has also been used to 
test heat-treated alloys for both proof stress and ultimate 
tensile strength. Accuracies of the order of 8 per cent can 
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Fig. 6. Phase discriminator collector waveforms 
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Fig. 8. Section through block containing bolt-holes 


be achieved for 24 s.w.g. materials and relatively higher 
accuracies as the thickness of the material increases. One 
practical application of the above has been the testing of 
fire damaged panels in an aircraft without removal and 
destructive testing. 


Acknowledgments 

The author wishes to thank Bristol Aircraft Ltd for per- 
mission to publish this article, and to acknowledge the 
initial development work done by L. G. Rockey of Bristol 
Aircraft Ltd, also the invaluable help and assistance given 
by A. K. Hathway, formerly of Bristol Aircraft Ltd, during 
the final development stages. 


AUGUST 1960 


Rigid Printed Circuits 

This new method for manufacturing printed circuits 
relies on the Kanigen nickel phosphorous chemical de- 
position plating process the licence rights of which are 
held by Albright and Wilson (Mfg) Ltd and Societe Euro- 
piene de Revetement Chimique throughout Europe and 
many other parts of the world. 

By its means all circuits, however complex, are pro- 
duced as channels and holes in a rigid phenol-formalde- 
hyde base, normally about 4in thick, moulded by con- 
ventional methods. The Kanigen nickel-phosphorus metal 
is deposited in the channels and through the holes only 
using a proprietary technique of chemical deposition, 
after masking the remainder of the base with a chlorin- 
ated rubber paint. The Kanigen metal is deposited as a 
uniform, conductive layer. Plating through the holes 
avoids the use of ‘jumpers’ or other separate connectors. 


Kanigen plated circuits show a better metal to base 
bond strength than conventional printed circuits and this 
factor together with the rigidity of the base eliminates 
the possibility of exfoliation. 

Kanigen is very hard and therefore is suitable as a 
conductive lining for valve sockets which can be previ- 
ously moulded into the circuit. The rigid base can be 
used as the chassis of equipment without any additional 
support; giving a robust, compact assembly. 


The circuit can be readily dip-soldered by using con- 
ventional techniques and shows no tendency to separate 
during this operation. 

Silver or copper can be deposited on to the Kanigen 
by electro-deposition methods should this be desired. 


As the corrosion resistance of Kanigen nickel phos- 
phorus plate is greater than that of copper, particularly 
in tropical climates, and in contact with other metals, the 
risks of short-circuits caused by corrosion products is 
minimized. As the circuit is set below the general level 
of the base, short circuiting caused by dust or condensa- 
tion is also less likely to occur. 


It is possible to arrange a mechanical continuous flow 
transfer of moulded circuits throughout all stages of 
manufacture. The moulded bases may pass in a con- 
tinuous line through the pretreatment tanks as each stage 
has an equal immersion time. Masking may be carried 
out by passing the bases on a moving belt under rollers 
automatically fed with a chlorinated rubber paint and 
thence to an infra-red drying tunnel. The masking paint 
may be removed after plating if necessary on a flat emery 
cloth belt. The masking compound is of course an added 
corrosion protecting and insulating material. 


A typical circuit produced by the ‘ Kanigen' process 
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A Transistor Switching Circuit for Power Regulation 
Applications 


By M. J. Wright*, B.Sc. 


A d.c. transistor amplifier circuit for power control applications is described. 


Positive feedback is 


used to make the amplifier oscillate continuously, the output stage being switched between bottomed 


and cut-off conditions. 
current fed to an inductive amplifier load. 


The input signal modulates the mark-to-space ratio and so varies the mean 
The primary application considered for the circuit is 


voltage control of shunt fed dynamos or alternators, but its use in mains or battery driven regulated 
power supplies is briefly mentioned. 


The principal advantages of a switching amplifier are (1) high efficiency and (2) low power dissipation 
in the series control transistor. 


(Voir page 527 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 532) 


HE circuits to be described were developed for use 

on automobile dynamos or alternators, but they can be 
applied to other power control problems, e.g., mains 
energized d.c. power supplies. 


Considering the automobile application, a _ rotating 
machine driven by the engine is used to supply the elec- 
trical load when the vehicle is in motion and a means of 
controlling its output is required. The principle variables 
affecting the system are: 


(1) The electrical load. This includes the storage 
battery which should be kept under charge at a 
rate depending on its state of charge. 


(2) Engine speed. 


(3) Temperature. 





OUTPUT 
VOLTAGE 











DYNAMO OUTPUT CURRENT 


Fig. 1. Ideal regulation characteristic 


The most effective control characteristic is that shown 
in Fig. 1 where, for a given temperature, the system 
voltage is maintained constant at a value V. somewhat 
greater than the battery open-circuit terminal voltage. To 
prevent overload of the machine, a change to constant 
current control is made under heavy loading conditions 
where the maximum rated output current Jmax would 
otherwise be exceeded. Output voltage should be inde- 
pendent of engine speed but should fall gradually with 
increasing temperature to maintain a constant trickle 
charge current to the battery (assumed fully charged) 
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whose internal resistance decreases with increasing tem- 
perature. 

An additional control function is to disconnect the 
machine from the load under low engine speed conditions 
to prevent discharge of the battery into the armature 
winding. A block diagram is given in Fig. 2. 
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Fig. 2. Automobile electrical system 
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Fig. 3. Basic voltage control loop 
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Fig. 4. Simple control circuit 
In addition to its storage function, the battery greatly 
attenuates voltage ripple due to: 
(1) Commutation (d.c. dynamo). 
(2) Rectification of a.c. (alternator). 


(3) Field current variations where on/off switching 
is employed. 


AUGUST 1960 





D.C. Control Amplifier 


The basic control loop is shown in Fig. 3 and follows 
the usual pattern of comparing the output voltage with 
an internal reference voltage, amplifying the difference 
and feeding to the control winding in the required sense 
to decrease the error. 


Fig. 4 shows a voltage control circuit using a simple 
d.c. error amplifier and a Zener diode for reference 
purposes. At low dynamo speeds, the output voltage is low 
so that reference diode MR, and transistor V7: are non- 
conducting. The output voltage is applied to Ri and V7; 
input diode in series, the current flowing being sufficient 
to bottom V7; collector and apply maximum field excita- 
tion. When, due to an increase in dynamo speed, the out- 
put voltage approaches the desired value, MR, conducts 
a base current from transistor V7:. An amplified current 
flows in VT: collector circuit so that the current flowing 
through R: is now shared between V7; base and VT» 
collector. At a certain value of V7.2 base current, V7; 
base current is reduced to a level such that V7; is taken 
out of the bottomed condition. The dynamo field cur- 
rent is reduced and regulation ensues. 


Two values of V7: base current can be specified as 
follows: 


imin The input current required to just keep V7; 
bottomed. 
The input current required to cut off V7; 


imax 


The difference (imax—imin) is given by the maximum field 
excitation current divided by the current gain of the 
amplifier. Under the conditions of regulation, the input 
current i must lie between the values imin and imax. 


Since a fraction of the output voltage is compared with 
the reference, the regulated output can be set to any value 
from (V.+V:) upwards where: 


V.=Zener breakdown voltage of MR, 
V.=Base-emitter voltage drop of V7» input diode. 


Advantages of this d.c. amplifier are: 


(1) Simplicity. Since the amplifier forms part of a 
feedback control loop, temperature stabilization 
components are not required. 


The collector-emitter voltage drop across V7T> is 
always small so that a low power transistor may 
be used. Typically, a 10W output stage can be 
controlled by a 50mW input stage. 


At low dynamo speeds, the circuit configuration 
is the most effective possible for producing 
maximum field excitation. There are no _ losses 
(i.e. due to other transistors, diodes or resistors) 
in either the base-emitter or collector-emitter 
circuit of the output stage other than those which 
must be present if a transistor is to control the 
field winding. 


The circuit may be designed such that the differ- 
ence (imax —imin) < imin. This leads to a high sensi- 
tivity since imin takes MR, and VT» input diode into 
regions of low slope resistance. The change from 
imin tO imax is therefore achieved by a very small 
change in output voltage. 


In practice, the combined diode slope resistances 
may be too low for safety since the dynamo field 
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TABLE 1 
Suitable Silicon Transistor Characteristics 
Base-emitter 0-2 0-4 0-6 0:8 10 
voltage (V) 





Base current 0-1 10 
(mA) 


Collector 
current (A) 


Collector 
bottoming 
voltage (V) 











time-constant prevents the control loop from 
responding rapidly to a sudden change in load 
or speed. In particular, if the dynamo load is 
suddenly reduced, the output voltage rises since 
the same field current flows instantaneously. 
Destruction of the Zener diode or transistor could 
result unless some series resistance is included. 
The resistance of the output potential divider can 
be chosen to serve this purpose. 


No difficulty has been encountered in practice with the 
direct connexion between VT, collector and V7; base 
since the bottoming voltage of a low power germanium 
transistor is small enough to control the power germanium 
transistor over the desired range of output current. Should 
any doubt exist, a silicon diode can be added in series 
with the base of V7). Providing that V7, bottoming volt- 
age is less than say 0-7V, V7, can then be completely 
cut off by V7:. The addition of a resistance between the 
base and emitter terminals of the power transistor will 
prevent a complete open-circuit base condition from 
occuring. If a silicon power transistor is used for V7; 
no additional diode is required. However, if the transistor 
is to supply the maximum field current efficiently it must 
have a low collector saturation resistance. The character- 
istics of a typical pre-production silicon transistor (npn 
type) developed for machine control are given in Table 1. 


For this ‘continuous’ control circuit the maximum 
power dissipation Pmax in the output stage is given by: 
Paz = V.2/4Rer 
V. = Regulated output voltage 
Ry = Field resistance 


Typically with V.=15V (nominal 
Rr=62), Pmar =9'4W. 


12V_ system) and 


Switching Control 


A much reduced dissipation in the output transistor can 
be achieved by causing it to switch at a low audio fre- 
quency between the bottomed and cut-off conditions. The 
mean field current is varied by alteration of the mark-to- 


Fig. 5. Switching amplifier 
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V7, cut-off 
(stable) 


(stable) 


V7, BASE CURRENT 





Fig. 6. VT, base current variations (Fig. 5 circuit) 


space ratio, the dynamo field time-constant smoothing out 
field current variations. 


The circuit of Fig. 4 can be converted to this form of 
control by the addition of a.c. positive feedback as shown 
in Fig. 5. Given suitable component values, the ampli- 
fier is unstable within the regulation range and oscillates 
freely. A diode is required in parallel with the field 
winding to maintain the flow of field current when V7; 
cuts off. 


Suppose that under given operating conditions the 
field current required is produced with an amplifier 
input current of value i (see Fig. 6). With V7; in the cut- 
off condition, a charging current for capacitor C; holds 
the input current greater than imax which keeps V7, cut 
off. However, the charging current decays exponentially 
towards a mean value i,, which lies somewhere between i 
and imax, until it reaches the value imax. V7i now com- 


Fig. 7. Waveforms for Fig. 5 circuit 
(a) VT, collector current against time 


(b) VT, collector to emitter voltage against time 
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mences to conduct and field current originally flowing 
entirely through diode MR, divides between MR, and 
transistor V7;. The fall in voltage across diode MR; is 
coupled back to the input terminal via C; and R: and a 
cumulative action occurs resulting in bottoming of V7:. 


The input current now rises exponentially towards the 
mean value. When the input current reaches the value i, 
transistor V7; can no longer support the field current 
flowing. Since V7; load is inductive, any reduction in 
current causes a large change in voltage at V7; collector 
and a rapid switch off occurs. 


The machine output voltage still controls the average 
input current to V7: Any change in dynamo speed or 
load leads to a change in the average current i, and a 
change of mark-to-space ratio to suit. No switching can 
occur under conditions where the dynamo cannot support 
the voltage V. across the load since the input current will 
be below the value imin (a stable region). Thus maximum 
excitation is still applied to the dynamo until the region 
of regulation is reached. 


It will be seen from Fig. 6 that for satisfactory switch- 
ing of the output stage over the full regulation range, 
the change in V7: base current due to feedback must 
exceed the value (imax—imin). Not all the current flowing 
through R: flows into V7: base, of course, since the slope 
impedance of the Zener diode plus the output resistance 
of the potential divider network are in parallel with the 
slope impedance of VT: input diode. 


Fig. 7 shows oscillograms of V7; collector current and 
VT, collector to emitter voltage against time for the 
circuit of Fig. 5, the frequency of oscillations being 60c/s. 
A storage battery and a resistive load were present across 
the dynamo armature. Frequency components due to 
commutation as well as the switching process are present 
on the output voltage and dynamo field current. 


The choice of oscillation frequency is limited at low 
frequencies by the ripple produced at the output terminals 
while the upper frequency limit is set by the mean power 
dissipation in V7, due to the switching transients. The 
frequency is determined principally by components C; and 
R; and the amplifier gain. 


Transistor Dissipation 


The maximum mean power dissipation in the output 
transistor now occurs at the onset of regulation when 
the transistor carries the maximum field current in the 
bottomed condition. For V.=15V, Rr=6Q, and assuming 
a transistor saturation resistance of 0-150, the maximum 
excitation current J is given by: J=15/(6+0-15) and the 
maximum power Pmax by Pmax=?R=(15/6-15) x0-15= 
0-9W. 


Dissipation due to switching transients can be reduced 
as follows: 


(a) Switch on 


The addition of a resistor in series with MR; 
gives a larger change in feedback voltage for a 
given reduction in diode current. 


(b) Switch off 


A parallel CR network between V7) base and 
the junction of R: and V7; collector enables V7; 
base to be driven positive with respect to its 
emitter when V7; bottoms. This gives a more 
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forcible clearing of current carriers in the base 
region. 
The reduced power dissipation due to switching allows 
one or more of the following advantages to be gained. 
(1) Use of a lower power transistor for V71. 
(2) Use of a smaller heat sink. 
(3) Operation at higher ambient temperatures. 


An additional advantage is a higher machine efficiency. 
Under non-switched conditions the field winding bleeds 
the required excitation current continuously from the 
armature output current. Under switched operation this 
same value of current is taken during switch on only. 
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Fig. 8. Current limiting circuit 
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Fig. 9. Power supply regulation circuit 


Temperature Compensation of Voltage 


A thermistor is easily incorporated in the resistive 
potential divider network (in parallel with R:, Fig. 5) to 
give an output voltage dependent on ambient temperature. 
Increasing temperature gives a reduction in thermistor 
resistance (Rr). Diode MR, regulates the potential differ- 
ence V between points Oo and z which, for a given 
potentiometer setting, gives a constant current through 
the network (ignoring reference diode current). The output 
voltage is therefore proportional to the total network 
resistance and follows variations in the parallel combina- 
tion of Rr and R;. By appropriate choice of Rr and R; 
a number of voltage/temperature characteristics are 
obtainable. For example, a linear fall of 1-5V over the 
temperature range 0°C to 60°C is achieveable to an 
accuracy of +0-1V. 


Current Control 


A current limiting circuit is shown in Fig. 8. The load 
current flows through resistor R, and the potential differ- 
ence across it is compared with that across the reference 
diode MR:, the difference being applied between the base 
and emitter of npn transistor V7; At an output current 
such that the voltage across R, exceeds that across MR: 
plus the forward voltage drop of V7; base-emitter diode, 
an input current flows in V73. V7; collector current is 
applied, via current limiting resistor Rs, as an input 
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current to the switching amplifier previously described. 

MR, can be a silicon junction diode and the forward 
characteristic used (as shown) or could be a Zener diode 
in applications where a few volts drop in resistor Rx is 
permissible. 


The current and voltage regulators can be combined, 
using the same amplifier, to give a control characteristic 
of the type shown in Fig. 1. 


When the rotating machine is an alternator no current 
control circuit is required since the machine can be 
designed to give self-limitation at the required current. 


Cut-Out Diode 


A series diode positioned between the dynamo output 
and the battery prevents the battery from discharging into 
the dynamo armature when the engine is stationary or at 
tick-over speeds. It is best positioned within the voltage 
regulator control loop (point x in Fig. 5) where its voltage/ 
current characteristic has negligible effect on overall per- 
formance. 


Since an automobile alternator includes diodes for 
rectification purposes, no additional cut-out diode is 
required. 


Regulated Power Supplies 


High efficiency regulated power supplies result from 
the use of a switching amplifier in place of the usual 
d.c. control amplifier. One such circuit is shown in Fig. 9. 
Transistor V7; periodically connects the unregulated 
supply to the load via an inductor L. During the periods 
when V7; is non-conducting, the inductor maintains the 
current supply via diode MR; and resistor R (speed up 
resistor for switch-on). Transistor V7, is the usual voltage 
error detector and feeds the switching section, stages V7 
and V7: No continuous power dissipation is lost in the 
series control transistor. During the on period, the un- 
regulated supply feeds the load and stores energy in the 
inductor. During the off period no current is taken from 
the unregulated supply. Thus the average current drawn 
from the unregulated supply is less than the load current 
by some factor depending on the mark-to-space ratio. 
This leads to a high power conversion efficiency even 
where the regulated voltage V; required is only a fraction 
of the unregulated supply Vy. For the more usual 
continuous control circuit, the maximum possible effi- 
ciency is limited to V;/Vu. 


The choice of value for the inductor L depends on 
whether rapid changes in output current are desired. High 
values of inductance, giving minimum output ripple, may 
be used when the load current varies relatively slowly. 
Lower values of inductance should be used to allow fast 
changes in output current with minimum transient effects 
on output voltage. 


The switching frequency should be as high as possible 
without allowing transient dissipations to contribute more 
than a fraction towards the mean dissipation in the output 
stage VTi. 


In common with the usual continuous control curcuit, 
the switching circuit has an appreciable filtering action 
on any ripple voltage at the output of the unregulated 


supply. 
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Phase Sensitive Demodulation with 
Interpolation 


By J. S. Johnston, B.Sc., A.R.C.S., A.Inst.P. 


This article describes a method of obtaining a very much better approximation to the envelope 
waveform of a modulated, low frequency carrier, than is possible by conventional phase sensitive 


demodulation. 


The method depends on some previous knowledge of the nominal shape of the 


waveform, and particular attention is given to the important sinusoidal case. 


(Voir page 527 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 532) 


HASE sensitive demodulators find one of their main 

applications in recovering the modulation envelope, 
from the signal returned from an a.c. resolver of some 
kind. 


A typical signal of this type is shown in Fig. 1 in 
which the modulation envelope is indicated by the heavy 
bounding line. 

There are a variety of techniques for performing the 
demodulation’, but all of them apply to the case that the 
modulation frequency (rotation frequency of the resolver) 
is very small compared with that of the carrier. While 
in most systems this is not difficult to arrange, there are 
others in which a signal may be required from a fast 
moving resolver and yet some other factor (for example 
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Fig. 1. Typical output from resolver, showing ideal modulation envelope 





Fig. 2. Resp of d dulat to waveform of Fig. 1, with no 


interpolation 





the need to drive the resolver at the end of a long length 
of cable) prohibits the use of a high carrier frequency. 

The interpolation method described here was devised 
to overcome this difficulty in the case of high speeds of 
revolution of a remote radar aerial. 


Demodulation by Pulse Sampiing* 

Before considering the interpolation process, it is neces- 
sary to describe the particular type of demodulator used 
in this work. This is of the form known as a ‘ pulse- 
sampling ’ demodulator, and operates by storing for one 
period of the carrier wave, the instantaneous potential 
of the waveform at the last peak of the carrier; the 
resulting output is indicated by the solid line in Fig. 2. 
It will be noted that the smooth envelope of Fig. 1 has 
been quantized by this process into discrete steps. The 
relation between the two frequencies controls the coarse- 
ness of the quantization, one result of which, as can be 
seen from the dotted curve, is that on the average, the 
output has a phase lag with respect to the true envelope 
which corresponds to half a carrier period. 


Fig. 3 is a simplified diagram of the demodulator cir- 
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cuit which formed the basis of this method. Its opera- 
tion is described below and the reason for its apparent 
complexity will become clear later. 


Consider the point y to be held at a negative potential 
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Fig. 3. Simplified diagram of pulse-sampling demodulator 
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Fig. 4. Generation of sampling pulse 


and the point x at a positive potential. The triode V; 
acts as a cathode-follower with the diode V2 and resistor 
Ry, as cathode load. This arrangement presents a low 
impedance to the input of the high gain amplifier A 
which is shunted by a capacitor C. The entire circuit, 
with input at P and output at Q, now behaves as a sign 
changing amplifier with gain R2/R; (assuming the gain 
of A to be very large); the low output impedance of Vi 
ensures that C can charge and discharge fast enough to 
follow the input waveform. 

If now, the potentials on x and y are reversed, both 
V: and V2 will be cut off, presenting a very high imped- 
ance at the cathode of V:. The components R; and C, 
together with the amplifier, form an integrating circuit. 


1960 





Since R; is earthed, however, there is no flow of current 
into C and hence no change in the output voltage of the 
amplifier; the output therefore must remain at the voltage 
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Fig. 5. V.L.F. oscillator loop 
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v,=Vcos (wt+ ¢) 





which ex'sted there just before the potentials on V; and V: 
were reversed. 

In operation as a demodulator, the circuit is switched 
to the first condition only during a brief 
sampling interval at the peak of the 
carrier waveform; the sampled voltage 
(reversed in sign and amplified in the 
ratio R,/R;) is then stored on C until the 
next sample is taken. 


Generation of Sampling Pulses 

One method of generating the required 
sampling pulses can be seen from Fig. 4. 
The driving waveform for the resolver 
is phase shifted by z/2, this signal passes 
into a squaring amplifier whose output 
is used to trigger the pulse generating 
flip-flop. The phase shift ensures that the ~ 
sampling pulse coincides with the peak 
of the carrier. 








Smoothing of Output by Interpolation’ 

Passive filtering of the step waveform 
of Fig. 2 will not give useful smoothing 
unless the time-constant of the filter 1s 
comparable with a period of the modula- 
tion envelope; if it is of this magnitude 
the additional phase shift and attenua- 
tion produced will usually prove 
intolerable. 

However the general form that the modulation envelope 
should take is very often known in advance, this know- 
ledge if available, allows precise interpolation of the 
missing parts of the envelope to be made. In the case 
quoted above it might be known for example, that the 
aerial was designed to rotate at 60rev/min +10 per cent. 
Under these circumstances there appear at the two out- 
puts from the resolver, modulation envelopes which are 
sinusoids of this frequency and 90° out of phase with 
the other. 

The problems of interpolating between samples then 
reduces to constructing an oscillator of the nominal fre- 
quency, having two outputs in phase quadrature and 
correcting these outputs in phase and amplitude at each 
sampling pulse. 


L.F. Oscillator Loop 
Fig. 5 shows the familiar computing loop for the simple 
harmonic equation. 
wdV, 
df 
At the two outputs of this circuit, the voltages 


V = = 
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Resolver — 


Resolver drive signal 


V sin (wt + o) and V cos (wf + ) appear, in which w 
is set by the time-constants of the integrators while V 
and @ are decided by the initial conditions. 

Fig. 6 shows this loop combined with the pulse- 
sampling demodulators. The natural frequency of oscil- 
lation is set to be the same as that of the nominal 
modulation envelope, and each sampling pulse resets the 
output to the instantaneous phase and amplitude of the 
envelope. 

The waveform produced is shown in Fig. 7. Obviously, 
if the oscillator frequency were just correct, even the 
small voltage steps shown here would not be present. 


Improvement in Reproduction of Envelope 

It will readily be seen that in the case of simple ‘ step 
and hold’ demodulation by a conventional phase sensitive 
demodulator, the approximation to the envelope is most 
in error just before a fresh sampling pulse resets the 
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Fig. 6. Complete demodulator 


This angular error is 
360 ta 
fo 


where f, is the rotation rate (rev/sec) 


output. 


AA = degrees 


and f, is the carrier frequency in (c/s). 
When the above interpolation scheme is in use, and 
the integrator time-constants are such as to set an oscil- 
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to waveform of Fig. 1, with interpolstion 
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lator frequency of f; cycles per second this error reduces 

to 

360 fa =. fi) 
fo 


To take a particular example, if the shaft were to 


Aé degrees 
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rotate at a nominal 60rev/min with a 400c/s drive to 
the resolver then A#@; would be 09°. Using an oscillator 
frequency of 60c/min this error is reduced to the order 
of 0-09° or less over an actual variation in shaft speed 
from 50 to 70 rev/min when interpolation is used. 


Other Modulation Envelopes 

The example above has been concerned with the parti- 
cular case that the modulation envelope is sinusoidal. It 
is of course possible to use a similar system for any 
modulation envelope whose nominal characteristics are 
known, and for which an analogue computing loop can 
be constructed. It is obviously essential that each sample 
should contain enough information to enable all the 
relevant boundary conditions to be established for the 
next period. 

This method of demodulation has been successfully 
used to extract aerial bearing information from resolvers 
at remote sites without the need for local servo repeaters. 


Other Fields of Application 

The method has an extension to analogue computing 
generally in that, by the use of these fast electronic 
switching techniques, known spot values can be fed into 
the computer during the running of a problem in order 
to minimize the effect of long term drift errors. 

Conversely the same method can be used to provide 
analogue interpolation between discrete values obtained 
from a digital computer or process controller. 
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A Simple Supply-Compensated Constant Current Source 


By P. Pargas*, M.I.E.E. 


A simple circuit is described to provide a current of very high stability for the measuring slidewire 
of a self-balancing potentiometer. The overall long-term stability obtained over a period of 1000 
hours is better than 0-15 per cent, in spite of mains fluctuations and temperature variations. 


(Voir page 527 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 532) 


a a large number of articles have appeared 
on various aspects of stabilizing circuits and their 
applications, only a few have dealt with simple stabilizing 
circuits using only one or two non-linear elements. Unfor- 
tunately these give little detailed care to the problem of 
compensation against mains fluctuations. 

The requirements for a particular slidewire supply circuit 
are described below, but the principles established are 
quite general and can be applied to widely varying require- 
ments. 

The self-balancing potentiometer under discussion has 
an overall accuracy of +0-5 per cent, but it is desirable 
that the stability of the slidewire supply should be +0-15 
per cent or better. The load on this supply is 6mA at about 
1V. 


Simple Stabilizing Circuits 

Simple stabilizing circuits using only one cold-cathode 
stabilizing tube, or two tubes in cascade, are well known, 
but are included here to show their limitations, These 
arise from the fact that all stabilizing tubes have a finite 
incremental resistance. Thus the output of such circuits 
always varies with changes in the mains voltage. 

Consider now a simple stabilizing circuit as shown in 
Fig. 1. 

Here R. represents the slidewire and the appropriate 
series resistances. Replacing the stabilizing tube by an 
equivalent constant voltage generator V with an internal 
impedance r, (corresponding to the incremental resistance 
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of the tube), it can be shown that the load current is: 
E.ra+V Rs 
ra. Rg + ra. Ro + Rs. Ro 
and the stabilized voltage across the load is: 
R.(E.ra + V.Rs) 


ra. Ra +ra-Ro+R..R.° 


Now dvo, the change in output voltage corresponding to 


i= 


. 1. Series regulated 
uncempensated stabilizing circuit 





a change 6E = @.E in the mains voltage, can be shown 
to be: 

B.E .ta. Rolis + io) 
 (E—V(ra+ Ro) + ra. Rolis + io) 


where £ is the fractional change in the supply voltage. 
When equation (3) is represented graphically (see Fig. 2), 
it is found that é6v. shows an abrupt change at E — V, 
where dv, changes over into the negative, which does not 
represent a real solution. For the real part, the smallest 
value of dv. occurs at E = oo, when: 


Lim dv. = 8. ra. is 
E-= 


dVo = 
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This gives us the limiting values for stabilization for any 
one set of circuit components. 
From equation (3) dividing by Ro: 
Beigel ibs B.E. re (is+io) 
°  (E—V) ra] Ro + (E — V) + Palin + io) 
But as E-V < ra(ia+io) and also ra < Ro, one can 
approximate and write: 


Q 


bv. = 5 


oe (is + i) 7 
“St V a 0. = 
i.e. the eror in the load voltage is directly proportional to 
the incremental resistance of the tube and also to the 
total current i, + io. 

To illustrate the above, Fig. 3 is given for a supply 
voltage of 300V and a change in it of 10 per cent for an 
85A2 reference tube. 


As the stabilizing element it was decided to use a 
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Fig. 3. Effect of internal resistance of tube on §v 


Mullard 85A2 reference tube which seemed to be the most 
suitable for the particular requirements. (For example for 
an average tube the change in output current would be 
0:78 per cent.) 

To improve the stability, two tubes can be connected in 
cascade, the first tube normally having a maintaining volt- 
age of 150V. For the best such tube available the long-term 
stability is only +1-0 per cent per 1 000 hours; this alone 
would cause a load current change of +0-13 per cent (see 
equation (3)) for a load current of 6mA. The overall accuracy 
then obtainable for a 300V +10 per cent supply is about 
+0°36 per cent. Difficulties arise, though, in ensuring the 
ignition of both tubes. This can only be done satisfactorily 
with a reduced load current of 3mA or less. Even then the 
stability is improved only to +0°28 per cent. 

The above shows clearly that simple stabilizing circuits 
are seriously limited in their stability against changes in 
the supply voltage. 


Supply Compensated Circuit 

A circuit giving a much higher degree of stabilization 
has been developed and is shown in Fig. 4. 

Here the stabilizing tube is represented by V and rs. For 
simplicity in the calculations it is assumed that the supply. 
is of zero impedance, this is mainly true for a practical 
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circuit, as the source impedance is very much smaller than 
the impedance of other components in the circuit. 
It can be shown that for this circuit: 
(Rs + ra). (Rm + Ra) 
~ Re. ra(Ra + Rn) + Ra. RRs +a) + Ro(Re+ PaRa + Ro) 


te ee ee 
la Tt R; la + R, R, + Rm 
and the rate of change of load current with respect to 


changes in the supply voltage E is given by: 
di,/dE == 





io 


(R; + fe) . Re 7; R,) 


Rs. ra(Ra + Rm) + Ro. Re(Rst Pa) + RoARs + re(Ra + Ra) 


as ) 
Rn + Rm 


It can be seen that the load current is independent of 








Fig. 4. Supply compensated stabilizing circait 
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Fig. 5. Regulation of (a) uncompensated, (b) compensated circuit 


the supply voltage, i.e. that di./dE = 0, only when: 
ra/Rs = Ra/Rm 
If a circuit could be designed to satisfy this equation, an 
ideal stabilizing circuit would result. 


Consideration will now be given as to how this problem 
can be approached in practice for the best results. 


CHOICE OF OPERATING CURRENT 

(a) The incremental resistance of the 85A2 over its work- 
ing range is generally not constant. It is at its highest at 
low currents and decreases towards higher currents, and 
tends more towards a constant value as the current 
increases. The output of the circuit will therefore vary as 
shown in Fig 5. 

Fig. 5(a) shows the characteristic of the simple stabiliz- 
ing circuit, while Fig. 5(b) shows the compensated circuit. 
(At point x on actual curve r./Rs = R,/Rm). Both stress 
the importance of using the tube over its most linear range. 

(b) The characteristic of the 85A2 shows steps of up to 
50mV, most of which occur below 5-SmA. The frequency 
of occurrence and their amplitude depend on the physical 
construction of the tube and vary from tube to tube. The 
reason for these discontinuities is the spreading of the 
cathode glow in steps. This phenomenon restricts the 
useful range from 5:5 to 10mA. 
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(c) The stability of the 85A2 decreases with increase in 
current, but this decrease is not very large over the working 
range of the tube. 

The factors considered in (a) and (b) outweigh the 
importance of (c). The operating current of the tube has 
therefore been fixed at 7mA. 


EFFECTS OF TEMPERATURE 

The temperature coefficient of the 85A2 is —4mV/°C, 
this corresponding to 0-005 per cent/°C. For a normal 
ambient change of +15°C this would represent a change 
of +0075 per cent in load current. For more exacting 
circuit requirements, however, a temperature sensitive 
element with positive temperature coefficient can be made 


part of Rn. 


HYSTERESIS 

Any hysteresis effect of voltage with respect to current is 
exhibited for the 85A2 only at very low currents and also 
at higher frequencies. Since d.c. only is dealt with, and only 
over the higher current range of the tube, hysteresis effects 
can be neglected. 


LONG-TERM STABILITY 

For the 85A2 reference tube the manufacturers quote 
a long-term stability of +0-1 per cent for 1000 hours 
(after the first 300 hours), this figure, however, only applies 
to a circuit where the current through the tube is kept 
constant at the preferred value of 6mA. No information 
from the manufacturers for using the tube at a varying 
current is so far available. Experimental results taken for 
number of tubes show, however, that over the current 
range used of 7:2 + 1:2mA, the stability can be taken to be 
the same as that for the preferred standing current. 

Inherently the compensated circuit has a somewhat worse 
long-term stability than the simple stabilizing circuit. Con- 
sider a change in load current due to changes in V and fra. 

bia = (6ia/BV)SV + (i0/ dra)dra 
Taking k = Rs/ra = Rm/R», where k > 1, the error in the 
load current can be shown to be: 
bia = 

° 1 SV , E(ra 7 Ry + Ro) os Vikra+Ruit+Ro) 
ra + Ri + Ro = kra(tat+ Ra+ Roy 

When evaluating the above for the compensated circuit 
for a 0-1 per cent change both in V and ra, one obtains: 

dio/io = 0-122 (per cent) 

The increase is only 0-022 per cent, higher than that of a 
simple stabilizing circuit, but the long-term stability is not 
seriously impaired. 


Ora 


Experimental Circuit 
Taking into account the above, a circuit was designed 
incorporating component values as follows: 


R, = 1kQ variable R, =~ 14kQ 


The output was measured across part of R, at a level of 
1V. 


Measurements were taken for five tubes. It was attempted 
to cover the complete range of incremental resistances from 


TABLE 1 





| INCREMENTAL RESISTANCE fa (2) 


| 343 
40-037 | 40-033 


467 


819 (1%) | 40-076 | +0€47 | +0012 
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2002 to 4500 in the choice of these tubes. For each tube 
the compensating resistance R, was adjusted individually 
for the best compensation. The changes with +10 per cent 
change of mains voltage for each tube are given in Table |. 

The quality of compensation apparently does not depend 
on the actual value of the incremental resistance of each 
tube, but on the degree of non-linearity of the tube over 
the working range. This is the ultimate limitation in obtain- 
ing an ideally compensated circuit. 

To test the long-term stability, six circuits were built up. 
These were all adjusted to give the best compensation 
using brand new tubes. Then the outputs were measured 
(after a 300-hour period) every 24 hours for 1 000 hours. 
The maximum percentage deviation from the reading at 
the start of the 1 000-hour period is given in Table 2. 


TABLE 2 





le 1 a t Vet Me 
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| 007 | 014 | 007 | 002 


| Vor 
0-08 0-11 
0-12 0-04 0-10 0-12 0-03 





+013 | 40-06 | 40:06 +010 +007 
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When incorporating the circuit into a self-balancing 
potentiometer, the circuit did not operate satisfactorily due 
to the presence of capacitive currents generated in the trans- 
former of the supply circuit. The capacitive currents 
developed an a.c. potential across the input of the potentio- 
meter. This appeared in the amplifier as unwanted noise 
and saturated the amplifier. To improve operating condi- 
tions, the secondary of the transformer was surrounded by 
a double shield. The outer shield was grounded, the inner 
shield was connected to the centre-tap of a balancing net- 
work across both lines (a full-wave rectifier is used). This 
improved the performance considerably. For even better 
performance, however, a C-core transformer was used with 
primary and secondary. on separate limbs, the latter split 
into two separate symmetrical parts. All windings were 
individually shielded. As an additional precaution, the 
leads to the rectifiers were kept very short. The insulation 
between secondary and core was well above 3 x 100). 


Conclusions 

The circuit satisfies the requirements, and for the average 
tube is better than the requirements. It is virtually indepen- 
dent of surges in the supply and has a negligible time- 
constant, it being that of the tube. 

It can be used as a relatively high (up to 75V) reference 
of considerable accuracy and stability, especially suitable 
for shorter experiments, as then the long-term stability of 
the tube is better (0-01 per cent per 8 hours) and conse- 
quently the circuit will be better than 5 parts in 10 000. 

To maintain the required stabilization over longer 
periods, it is not necessary to make any adjustments. 

If higher load currents are required, stabilizing tubes 
with higher current ratings have to be used. In this case 
the long-term stability of the tubes used will be the limita- 
tion to the stability of output, mains fluctuations will be 
negligible compared to them. 
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The Correction of Errors in Potentiometer 
Function Generators 


By J. Merchant*, B.Sc. 


4 method is described of correcting the various errors that can occur in potentiometer function 


generators, due to arm loading and other practical limitations. 


The errors caused by approximating to a continuous function with line segments are not considered. 

In the method, the potentiometer is loaded with resistors calculated in the most simple way, to give 

the required line segment function. The resulting function is measured, and its deviations from the 

design ol:jective used to calculate a set of correcting conductances for the potentiometer segments. 

The potentiometer, modified with these conductances will now give a function much nearer the design 

objective. A second application of the method may be made to improve still further the function 
accuracy, but in many cases one correction process will be sufficient. 


(Voir page 527 pour le résumé en francais; Zusammenfassung in deutscher Sprache auf Seite 532) 


POTENTIOMETER that has a number of taps may 
be used to generate arbitrary functions of the angular 
position of the shaft. Loading resistors connected across 
the segments of the potentiometer can be chosen to pro- 
duce the necessary voltage gradients (Figs. 1 and 2). 
This method of function generation is often used in 
analogue computers. A typical circuit is shown in Fig. 3. 
If the potentiometer arm is connected to a very high 
impedance it may be assumed that it will draw no current 


me 


f(@) 





Potentiometer loaded with resistors to give appropriate segment 


Fig. 1. 
voltages 


from the potentiometer. In this case the calculation of the 
values of the loading resistors is quite straightforward. 
However, it is difficult to calculate exact values of the 
resistors when the arm loading is not negligible. 


In general the errors in a function constructed with a 
loaded potentiometer are due to: 
(1) Loading of the potentiometer arm. 
(2) Deviations of the value of the segment loading resis- 
tors from the design value. 
(3) Deviations of the position of the potentiometer tap 
points from nominal. 
(4) Deviations of the impedance of the unloaded seg- 
ments from nominal. 
In principle each of these sources of error could be 
separately eliminated by appropriate calculations and 
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measurements. However, this would be a rather tedious 
method. 

In this article a technique is described of correcting for 
all errors in one step. 


Method 

The segment loading resistors rm are calculated assuming 
no loading of the potentiometer arm. The potentiometer 
is loaded with these resistors and the function measured. 
Let Vm’ be the required potential difference across the m™ 
segment and V,, the value actually obtained. A set of extra 





Bis = oie Ee ee) 


- 
Typical lime segment function generated by loaded potentiometer 


Fig. 2. 


shunt resistors Sm is now connected across the segments 
where : 

sis RV 2’ 

VAC SIs = Pe al 

and R, is the total impedance of the segment with the 
largest voltage difference, and V, is this voltage difference. 
In the case of non-monotonic functions a different value 
of R./V. must be taken for each monotonic section. 
V,.’/Vn is the largest value of Vm'/Vm for any value of m 


(Thus S, = oX). 


The effect of the resistors S, is to cause the measured 
voltages across the segment to approximate more closely 
to Vn’. 


Sm 


Application of the Method 

When the errors are only of types (2) and (4) the method 
is exact, i.e. with the extra shunts Sm, the measured voltages 
will be Vy, exactly. 

When the errors of types (1) and (3) are not large (as 
will be the case in most analogue computer applications), 
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the method will give a substantial improvement in the 
accuracy of the function. 

The nature of the approximations involved in the method 
can be appreciated by considering the method of calcula- 
tion of the resistors Sn. 

Suppose a function is required in which the voltage 
across the m segment is Vn’ and that, due to various 
errors, with the actual loaded potentiometer it is Vm (i.e. 
notation as above). Let Rm be the total segment impedence 
of a similar, but hypothetical, potentiometer which has the 
same segment voltage differences Vm, but is such that there 
are no effects present due to arm loading or incorrect 
position of the taps. 

The shunts S,, are calculated to be such, that they will, 
when connected to this ideal potentiometer, change its 
segment voltages from Vm to Vm’. The assumption is made 
that these same shunts will have the same effect on the 
actual potentiometer. When the electrical differences 
between the actual and hypothetical potentiometer are 
small the errors involved in making this assumption will 
be very small. The shunts Sm are themselves only small 
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Fig. 3. Function generator potentiometer in an analogue computer circuit 


correcting conductances. The difference of their effects on 
the two potentiometers is the only. error involved. 


Analysis of the Case of the Ideal Potentiometer 
The function is assumed to be monotonic. An extension 
to a general type of function is made later. 
The following notation is used: 
R» = total impedance of the m™ segment before correc- 
tion with the shunts Sn. 
Vim = measured voltage across the m segment, before 
correction. 
Vm = required voltage across the m™ segment. 
- change in Vm required to make the function 
correct (i.e. 5Vm = Vm’ — Vn). 
change in Rm required to make the function 
correct. 
Sm = shunt that will change Rm to Rm + 5Rnm. 
él change in potentiometer current due to the shunts 
potentiometer current before correction with the 
shunts Sa. 
constant supply voltage across the two ends of the 
potentiometer. 
= largest voltage difference across a segment (before 
correction). 
R. = impedance of this section. 
By definition and Ohm’s law: 


bRin = 


Taking finite differences in equation (1): 
bVm as dR + R,,dl + d1bRm 


Similarly with equation (2): 
SoV m = 0 
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From equations (4) and (3): 
31> (Rw + Ra) = —[RbRo .... 
From equations (3) and (5): 
(Rm + 6Rm) SORm 
(Rm + 5Rm) 
This is an equation giving the necessary corrections in 


Ru, namely 5Rm, that will make the function correct. It is 
possible to choose the value of one of the 6Rm. 


Let 5R, = 0 (as will be seen later, the value of n is 
«determined, and is not arbitrary). 





5Vm == 1{3R = 


Then: 
aay ZiRm 
ee eS aS 
Substituting equation (7) into equation (6): 
5Vm = 1 {8Rm (1 + 8Vn/IRs) + RmdVn/IRo} 
= Rm (1 + 8Vn/Rn) + RndV5/ Rn 
8Vm — RmOVa/Ro 
I + 6Vn/Ra 
Since Rm can only be decreased by. an extra shunt resistor 
there is a requirement that Rx must always be negative. 


ie. Rm = 


Thus nm must be chosen so that: 
8Vm is never > (Rm/R2) dV» 
i.e. 6Vm/Rm < 6V2/Rz for all m 
or using equation (1): 
8Vn/Vm < Vn] Vn 
This equation defines the n“ segment as the one requiring 
the biggest percentage increase in potential difference. 
By definition: 
RoSm —R,* 
Ra = Beg ~ Re = BF se 
(Sm is the correcting shunt resistor which changes Rm to 
Rm + 5Rn). 
i.e. Sm = (—Rm’/5Rm) — Rm 
Re? < (+ Va/Rs) | 
~ OVm — (Rm/ Rs) V2 
(1 + 8Vn/Vn) 
8Val/Va — 8Vn/Vm 
— Ral + 6Vm/Vm) _ RaV 2’ 
8Va/Vn — 8Vm/Vm Vm(V2'/Van — Ve‘ / Vm) 
(Since Vn’ = Vn + Vm, Vn’ = Vn + 8Vz) 
Now Rn = Vn/I 
and 


R m 


= Rn — Ru 


Rm/ Vin = R./ Vo 


RVa 
VV n' /Va — Va’ [ Vm) 

When the function is not monotonic the same formula 
applies, but for each monotonic section of the curve, Ro/V. 
will have a different value (it is the reciprocal of the current 
in each section). 


Ro. = Vo/I 


” Sm = 





Practical Examples 

Two examples of actual applications of the method are 
given, 

In the first, the arm loading is relatively small (IMQ 
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SERVO INPUT 


Fig. 4. Example 1, function error before and after correction 


load on a 28k function potentiometer). The function 
errors are thus mainly due to deviations of the 
potentiometer loading resistors from the design value, 
rm. In Fig. 4 the function errors are plotted before 
and after correction. The accuracy of measurement of the 
function was of the same order as the indicated residual 
errors in the function after correction. 

In the second example the function potentiometer was 
loaded with a set of resistors and the function measured 
with a IMQ arm load. This measurement was then taken 
as the design objective to be achieved with an arm loading 
of 100k. In this case, therefore, most of the function error 
was due to arm loading. The function errors before and 
after correction are shown in Fig. 5. In both Figs. 4 and 5 
the errors shown are those in the actual value of the func- 
tion at any point, and not the errors in the segment poten- 
tial differences. 

In both examples, errors due to incorrect positions of 
the potentiometer taps are negligible. The position of the 
taps was found experimentally and all measurements were 
taken at these points. 


The analogue circuit used is shown in Fig. 3 (in the 
second example both 1M) resistors were changed to 
100kQ). 


EXAMPLE 1 


—~—-—-After correction 
Before correction 


° +50 


SERVO INPUT 


° 
-100 -80 


Fig. 5. Example 2, function error before and after correction 


The calculation of the original set of loading resistors 
rm (that would give the correct function if there were no 
arm loading or other errors) is not shown. A simple method 
of determining these resistors in the case of a function 
potentiometer with equal unloaded segment impedance Ro, 
is as follows: 

(1) Determine the desired value of the function at the 

break points (i.e. tap points) (Em). 

(2) Compute the segment potential differences Em — 

En-1. 


(3) Determine the maximum value of Em — Em-: (i.e. Vo). 


The segment loading resistors are given by: 
R. 
VAEn — En) — 1 
Although resistance values have been worked out to 


several places of decimals,only single standard value carbon 
resistors were used in practice. This resulted in deviations 


Tn = 





FUNCTION 
VALUE 
(MEASURED 
BEFORE 
} CORRECTION) 
| (VOLTS) (VOLTS) 


SERVO 
INPUT, 9 
(NOMINAL) 


FUNCTION 
VALUE, f(8) | 
(DESIGN 
OBJECTIVE) 


Vin 


(VOLTS) 


(VOLTS) 


(VOLTS) 
ae 2 eed 0 | 
6 

6:29 


6°29 
8-88 
13-75 


15-17 
28-92 
32:17 
37-05 
52-95 
75:80 
87-55 
| 91-05 | 
| 100 


3-25 

4°88(n) 
15-90 
22:85(Vo) 
11-75 

3°5 

8-95 





FUNCTION 
VALUE 
(MEASURED 
AFTER 
CORRECTION) 
(VOLTS) 


0 


| Ro Vin’ 


Fo 


Va’ Van‘ \ "4 
Vo* Va 
(k Q) 


95390 
5-99 
101351 


1-01818 


14-95 


29-05 
0-92308 


1-02459 
1-00629 
1-00656 
1-02128 
0°85714 


32-05 
36°94 
52°95 
75-90 
88-05 


90°89 
1-00559 








100 





Function potentiometer impedance 


Impedance (Ro) of segment with largest voltage difference (Vo) 


Arm loading 
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EXAMPLE 2 





FUNCTION 
VALUE 
(MEASURED 
BEFORE 
CORRECTION) 

(VOLTS) 


FUNCTION 
VALUE, /(8) 
(DESIGN 
OBJECTIVE) 


SERVO 
INPUT, 8 
(NOMINAL) 


V ‘m 


(VOLTS) (VOLTS) 


0 0 
6°28 


(VOLTS) 


(VOLTS) 


— 100 
6°23 
6°23 


80 6:28 


8-90 8°77 
13-92 13-30(n) 
28-3 
3°15 
31-45 
4°67 
36°12 
15°48 
51°6 
22°59 Vo) 
74-19 
12°38 
86°57 
3°46 
90-03 
9-97 





100 


FUNCTION 
VALUE 
(MEASURED 
AFTER 
CORRECTION) 
(VOLTS) 


; Ven' RoVm 
Vn Vo 


Vo 


Vo 


Vin‘ % 


Vn 
(k Q) 
1-00803 
1-01482 
1-04662 
1-00635 
1-03854 
1-02584 
1-00930 
0-96688 
0-95954 


0-89368 








Function potentiometer impedance 


Impedance (Ro) of segment with largest voltage difference (Vo) 


Arm loading 


from the nominal value of up to about 5 per cent of both 
the original loading resistors r», and the correcting set Sm. 
It is an essential feature of this method that fairly wide 
tolerance resistors may be used throughout. This is because 
the resistors Sm that correct the errors in the rm make only 


28kQ 
2°8kQ 
100KkQ 


a small contribution to the total conductance of each seg- 
ment. Thus they themselves do not have to be very accurate. 
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The Generation of Fourier Transforms and Coefficients 
on an Analogue Computer 


By F. C. Harbert* 


Two computer arrangements are described for obtaining the Fourier transform of a function of 

time; one requiring computing amplifiers and multipliers, the other computing amplifiers only. 

A method is described for obtaining on an analogue computer the frequency response of a physi- 

cal system once its response to a step input is known. This technique is illustrated by an example. 

An extension of the computer arrangements permits the extraction of Fourier coefficients from a 
periodic waveform. 


(Voir page 527 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 532) 


O= of the many design aspects of a new servo- 
mechanical control system is the investigation of the 
frequency response of the proposed system before closing 
the loop. The characteristics of the closed loop system can 
then be predicted and appropriate changes can be made to 
avoid damaging the equipment when the loop is closed. 
The frequency response uniquely describes a linear physical 
system and the basic method for obtaining such a response 
is well known. A system is uniquely defined however by its 
complete response to any known forcing function and in 
particular a step impulse. The application of the Fourier 


* Louis Newmark Lid 
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transform makes possible the extraction of the frequency 
response of the system from this response to a unit impulse. 
The extraction can be carried out in a straightforward 
manner on an analogue computer by one of two methods. 

The implications of this method become evident imme- 
diately. Whereas the frequency responsing of a system 
requires specialized equipment and takes up considerable 
time besides causing wear to the system, it is considerably 
easier and faster to generate a single impulse and to record 
the resulting transient response of the system. The analysis 
required to extract the frequency response from the record 
can be done on an analogue computer without further 
recourse to the system. 
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The definition of the Fourier transform is: 


F(jw) = { f(t) e-** dt 


x 


©, bar 
= | f(t)cos wt dt — j | f(t) sin wt dt 


x x 


Letting 


s oo, 
A(w) = | f(t) cos wt dt and B(w) = | fit) sin wt dt 


x 


A(w) jB(w) 
V {[A(w) + [B(@)}} 4 — tan-'(Bw)/ A(o)) 


F(jw) 


For the purpose of considering practical systems the function 
f(t) can be restricted as follows: 
ft)=0 whent<0 


and 


fy-0 ast-~x 


ipaF 


dh 


t 
IMQ : 
K\ne )cOSwntot 
—K1(t)cosw, t S = KA Wn) 


war 











t 


rey x | 1e)sina ta 
= KB (wn) 


~Kf(t) 


—K1(t)sinw,¢ 








—Sinw,pt 





1OOV 
Initial condition 





Analogue computer arrangement for the generation of Fourier 


Fig. 1. 
transforms 





Le 
+” 


Fig. 2. RC setwork used in illustrative example 


Because of these restrictions equations (2) reduce to 
«~ 


Alw) = f( t) COS wt dt, Bw) f( t) Sin wt dt 


For any selected value of w the two integrations above 
can be performed by the circuit in Fig. 1 which requires a 
function multiplier, a sinusoidal generator operating at a 
circular frequency of w and an integrating amplifier. 

As the function f(t) approaches zero the output of the 
integrators will approach constant values which represent 
A(w) and B(w), and the process may be repeated with 
selected values of w to cover the frequency spectrum 
required. When the values cf A(m) and B(w) are known for 
a sufficient number of discrete frequencies a polar plot may 
be,drawn. As indicated in equation (3) the transform is a 
vector having the magnitude V {[A(w)]°+[B()]*} and 
phase-angle —tan~'(B(w)/A(w) ) which completely describe 
the Fourier transform of the function f(#). 
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To clarify the technique described above consider the 
RC network in Fig. 2. It will be supposed that this repre- 
sents a system of which the frequency response is required. 
This will be obtained by using the Fourier transform. 

The first step is to apply a unit impulse and record the 
output as a function of time, The recording can be made 


VOLTAGE 


st 1 TIME (seconds) 
3 4a 5 


Fig. 3. Time response of RC network to unit impulse 


on tape, pen-recorder or with a camera and oscilloscope or 
alternatively fed direct into the analogue computer. It is 
known that the response of this network to a step impulse 
is given by f(t)=e~* and the response which should be 
obtained is shown graphically in Fig. 3. 

The next step is to obtain the Fourier transform of the 
characteristic time function f(t) using an analogue computer 
to perform the necessary mathematical operations of multi- 
plications and time integration. This example, however, 
will be proceeded with analytically. 


Fijw) = { et en dt 


dt 
%® 


o« 
a | e-tite 
etii+ie 
--[]; 
] 


Y + jw 


Whence A(w) - I a 
1 + w? 


WwW 
WwW 


Bw) = 5 


The result of equation (6) checks with the transfer func- 
tion of the RC network and could have been obtained by 
circuit theory. If the computer had been used to perform 
the integration two separate outputs would have been 
furnished; A(w) and B(w) the real and imaginary parts of 


C2 


Fig. 4. Alternative computer arrangement for the generation of Fourier 
transforms 


the above transfer function from which a polar plot (i.e. 
Nyquist diagram) could have been made directly. 


Alternative Method 

The analogue computer can be used to find the Fourier 
transform of physical systems without requiring explicit 
use of multipliers. It will now be shown that by using the 
circuit in Fig. 4 the voltage e. will be a sine wave having a 
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amplitude proportional to V {[A(wn)]’+[B(wn)}*} and a 
phase-shift equal to —tan~\(B(ws)/A(wn)) where wn is the 
undamped natural frequency of the circuit controlled by 
the potentiometer. By setting w, to a number of different 
values in succession over the frequency range of conse- 
quence, the amplitude and phase-shift of the vector F(jw) 
may be determined and plotted. The same restrictions on 
f(t) must be observed in this method. These restrictions do 
not handicap the analysis of practical systems. 


In Fig. 4 let the output of amplifier (1) be e:; the output 
of amplifier (2) be e.: relating these outputs to the inputs: 


a= — R:C2se2 
t t 
-@= (1/RiCi) { f() dt — (k*/ RsCi) {ex dt .... (8) 


Whence by differentiation: 
, kK? 


S"e2 


dpe ern fo) 
_y R2R3CiC2 


emis: RiRCiC2 


where e¢; = e: = 0 when t = 0 


Let (k?/R2R3CiC2) = w° 
Equation (9) then becomes: 
= gee fp) 


2 : 
S°C2 + on C2 = 


Taking the Laplace transform of this equation: 
pfs) = FOI RRCC: 
S + wy” 


Now noting that: 


1 SIN wnt 
Li » wor. ies 1 {wn ——— 
+o Wn 


one may solve the equation for the general case by using 
the superposition theorem which states that: 


z+ [rR 
s + Wn" - 


l t 
aa f f(r) sin wy»lt 
wnR i RiCiCo ¢ 


Algebraic manipulation reduces this to: 


| : 
poms sin wnt (r) cos WT ér 
rex }f 


%. 
— COS wat } f(r) sin war dr 
°o 
It can be seen from equation (13) that if the integration is 
extended far enough in time the integrals approach A(w) 
and B(w) as defined in equation (3), so that: 


1 ‘ 
= wR RCC [A (wn) SIN wr»f — B(wy) COS w, t] 


1 
= —_—___—— VW {{ A(w,)]}* + wn))}° i wnl + © 
ERE (AoE + (BlooI'} sin (ont + 9) 


where 
¢@ = —tan™ (B(ws)/ A(ws)) 


It is important to note that the steady state values of 
é: in the computer solution are not reached until f(t) has 
become zero. It is therefore necessary to generate an 
entirely independent sine wave, having the same natural 
frequency as the circuit in Fig. 4, to serve as a clock for 
measurement of phase-shift. This can readily be done with 
the same type of generating circuit, using three computing 
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amplifiers where an initial condition is applied to the first 
amplifier instead of the forcing function. The output sine 
wave from the circuit of Fig. 4 and from the independent 
generator can then be compared after a suitable period of 
time to determine the phase relationship. * 

Since in Fig. 4 the output of amplifier (1) e: is tied by 
a unique relationship to e, either amplifier output may be 
used to determine the required Fourier transform. 


Fourier Coefficients 
A slight modification to the preceding technique yields 
the Fourier coefficients of a periodic waveform provided 
of course that one complete period is available. An identical 
computer arrangement is used but the natural frequency w, 
of the computer loop is adjusted so that n complete cycles 
occur during time T, i.e. w. = 2mn/T and the solution is 
terminated at the end of the period 7 so that the outputs 
of amplifiers (1) and (2) can be measured. 
It can be shown that: 
art —Tbh» — Ta, 
" 2wn RiR:CiC2 2R:C) ; 
where a,b, are the Fourier coefficients defined as follows: 
2 


An = 2/T { fo) cos (2n/T) t dt 


pice. Ge 


a= 


tT 
b, = 2/T {| f(t) sin (2Qxn/T) t dt 


The proof can be derived from equation (12) in the pre- 
ceding section. The natural frequency w, is changed io 
2zn/T and the integration is now between 0 and 7. Then 
equation (12) becomes: 


T 


T 
ee ey fro sin (22n/T)(T - fdr .... (17) 


T T 
enniniine . in(2anT | (1) cos(2znt/T) dt 
00 aREe| tine nT/T) yf 1 d 


T 
cos(2znT /T){ f(t) sin(2xnt/T) at | 


° 


T 
| f(t) sin(2znt/T) dt 


2en RiRCiC, 


T*ba 
4an RiRoCiC2 
from the definitions given in equations (16). 

The relationship for e; can be found in a similar way. 

Thus the computer circuit operates as an harmonic 
analyser and as different values of n are used the Fourier 
coefficients are available so that the complete Fourier series 
may be obtained. 

The use of a d.c. tape recorder facilitates the carrying 
out of the above computer techniques. The response of a 
system to a unit impulse for example can be recorded 
and thus stored. Similarly, when a Fourier analysis of 
waveforms is being performed the periodic waveform can 
be recorded and stored for use as difference values of n 
are employed. 
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The Role of Space Charge Waves in 


Modern Microwave Devices 


(Part 2) 
By G. D. Sims*, M.Sc., Ph.D, A.M.LE.E. and I. M. Stephenson*, M.Sc., Ph.D. 


(Voir page 460 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 465) 


Résumé of the Treatment of Space Charge Waves on 
Infinitely Large Beams 

The basic principles of space charge waves are simply 
shown in the example already treated in Part 1, viz. the case 
of waves on a beam of infinite extent, possessing a uniform 
current density. This illustrates the general form of the 
waves and it is now possible to extend the analysis to the 
more practical case of a finite size beam in a metal drift 
tube. 

It should be remembered that two important assumptions 
were made at the outset of the study. Firstly that any trans- 
verse motion of the electrons is prevented by a very strong 
magnetic field. Secondly that the space charge in the un- 
modulated electron beam is completely neutralized by the 
presence of positive ions. If the beam is disturbed in some 
manner by a fairly high frequency signal it is then assumed 
that the change in velocity of the ions may be neglected 
when compared with the change in velocity of the elec- 
trons as the mass of the former is many. times that of the 
latter. The wave produced by the disturbance can then be 
assumed to be due to the change in space charge of the 
electrons. These assumptions imply little practical restric- 
tion and will be retained in all subsequent discussion. 

The simplest case to consider is that of an electron 
beam with a small sinusoidal variation in velocity added 
to the original d.c. velocity. This effect may be easily 
produced in practice by a pair of grids placed fairly close 
together at some point along the length of the beam. A 
sinusoidal voltage applied to the grids will produce sinu- 
soidal variations in the electron beam velocity provided 
that the voltage applied to the grids is smallecompared with 
that used to accelerate the beam to its original velocity. 
Electrons leaving the grid will then have velocities which 
are slightly greater or smaller than that of the original 
beam, causing the disturbance produced to propagate 
down the beam. The propagation will be controlled by four 
factors: 

(1) The charge density in the beam. This will determine 
the force exerted on an electron that tries to travel 
faster or slower than the average velocity of beam 
and thus experiences space charge forces. 


(2) The ratio of electric charge to mass of the electron. 
This determines the acceleration of the electron in 
any given electric field. 


(3) The d.c. velocity of the beam, (The wave motion is 
carried along with the electron beam.) 


(4) The magnitude and frequency of the applied velocity 
modulation. 


It was found in Appendix (1) that solution of Maxwell’s 
equations yielded two waves—one travelling faster than the 
electrons and the other more slowly. In most microwave 
valves the device used to detect, or more generally, extract 
power from the modulated electron beam is unable to dis- 
tinguish between the two waves. For this reason much of 
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the available literature considers the combined output due 
to the two waves. In the latest types of electron beam device 
one is interested in the separate waves and it is essential 
that the differences between the separate and the combined 
waves should be appreciated. As seen in Part 1, a device 
that launches both waves on an electron beam that 
originally has a velocity uo, produces a voltage amplitude: 
Vi(z) = (Vip cos Byz + jZ,Jw sin Byz) exp(—jP.z) .. (18) 
The important result of this combination of the waves is 
that while the slow and fast waves individually suffer only 
changes in phase, the combined waves beat together to 
produce amplitude variations. If the launching device pro- 
duces waves of equal amplitude, i.e. if Vio = Vso, then the 
second term in equation (18) vanishes and there is a simple 
sinusoidal distribution of voltage. In practical cases the 
wavelength of the beat, 27/ {», is quite long compared with 
that of the individual waves as w, <w. In the example 
already considered, viz, a 1kV beam with a current density 
1A/cm? and f = 10000Mc/s, the ratio w/w, is about 20. 
The beat wavelength between the slow and fast waves is 
then about 3-7cm, while the wavelength of the individual 
waves is about 0-:19cm. The important differences between 
the individual waves and their combination may be summed 
up thus: 


SEPARATE SLOW AND Fast WAVES 

Only. the phase varies with z. The velocities are near that 
of the beam itself. The phase velocities are dependent on 
the frequency of the applied signal. 


COMBINED WAVES 

Both phase and amplitude vary with z. The wavelength 
of the amplitude variations is determined by the charge 
density of the beam and is independent of the frequency of 
the applied signal. 


Space Charge Waves Launched by a Simple Gridded Gap 
There are numerous devices that will launch space charge 
waves and one of the simplest to consider is a ‘ perfect’ 
gridded gap. This is such that the electrons will take an 
infinitely small time to traverse it and if the applied volt- 
age is sinusoidal and small compared with the beam voltage 
V., then the resulting impressed velocity variations will also 
be sinusoidal. In the infinite beam case the voltage and 
current density produced by a ‘ perfect’ gridded gap may 
be deduced from the formulae of Part 1. At the gap the 
boundary: condition on J; must be imposed, i.e. Ji=0. This 
implies that the slow and fast waves will be launched with 
equal voltage amplitudes since Jio=(Wso—Vs0)/Z,. From 
equations (18) and (17) it is apparent that the voltage and 
current possess a simple sinusoidal variation and will be 
given by: 
Vilz) = Vio cos Byz exp( —jG-z) 
J(z) = jVw0/Z,) sin Bpz exp(— jez) .... (29) 


Most of the devices used to extract r.f. power from the 
beam are operated by the beam current and so the output 


ELECTRONIC ENGINEERING 





device is usually placed at the point where the r.f. current 
is a maximum. In the case of a wave launched from a 
simple input gap of the type just discussed this occurs at a 
distance z=7/2/3, which is $ plasma wavelength. At this 
point the a.c. velocity in the beam is zero so that all the 
electrons are travelling at the d.c. velocity, uo. For a 
perfect input gap the power in the beam as it enters the 
output device is exactly the same as when it left the elec- 
tron gun. As the beam passes through the output, the com- 
bined effect of the slow and fast waves induces a voltage 
in the output device which in turn tends to slow down some 
electrons and accelerate others. If the output device has a 
finite resistance this process results in a reduction in the 
average velocity of the electrons leaving the output so that 
energy is extracted from the beam and appears as r.f. power. 
It is important to remember that the wave launched by the 
input device is not amplified as it travels down the beam. 
Conversion of d.c. to r.f. power, with resultant amplifica- 
tion, only occurs when an output circuit is coupled to the 
beam. In certain other types of devices to be described 


Ballistic theory 


\ 
\ 
\ 


\ 


_—. Space charge wave 
* theory 


\ 





Ap/2 ——+ DRIFT LENGTH Ap 


Fig. 2. Comparison of ballistic and space charge wave theories 


later the amplification and conversion of power actually 
occurs in the beam itself. 

The simple form of amplifier just described is well known 
in the form of the two-cavity klystron. When this device 
was first examined experimentally. a theory due to Webster 
was widely, and successfully used for design purposes. 
This early theory ignored the effect of space charge and 
merely considered the kinematical process. Webster’s well- 
known result for the r.f. beam current is: 


I; “= 21, . Ji (Bez. (Vi 2V.)) : 


This result seems so different from that obtained by space 
charge wave theory that it is surprising that it gave useful 
results, The reason for its success can be seen by examining 
Fig. 2, where the results of the space charge wave theory 
and the kinematic theory are plotted together. It is seen 
that when the drift length is short compared with the 
plasma wavelength then the two theories give similar results. 
In many. of the early klystrons the beam current density 
was quite low and consequently the plasma wavelength 
rather long so that the distance between the input and 
output cavities was very small compared with the plasma 
wavelength. 

Before continuing to examine the effect of a finite beam 
size and a metal drift tube it is worth summarizing the 
limitations of the simple space charge wave theory as 
applied to the resultant of both slow and fast waves. 


(1) The magnetic field must be strong enough to prevent 
any transverse motion of the electrons. 
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(2) The frequency must be such that the a.c. excursions 
of the ions may be neglected. 


(3) The a.c. velocities imparted to the electrons by the 
device that launches the waves must be small com- 
pared with the beam velocity. 


(4) The a.c. quantities in the beam must be small 
enough to justify neglecting the products of these 
small quantities. This assumption is made in formu- 
lating the wave equation. 

The last limitation is often the most severe particularly 
in beams where the beam current density, and consequently 
space charge, is small. In the case of the simple klystron 
this limitation can be expressed quantitatively by the 
condition : 

V;/ Vo . (w 2wp) <j 


Space Charge Waves on Finite Beams, Multi-Mode Theory 

The simple consideration of space charge waves on an 
infinitely large beam illustrates the production of the slow 
and fast waves and the beat that occurs between them, but 
is not very useful in practice. The space charge waves on 
a finite beam, usually in a drift tube, are of more practical 
interest and are similar in nature to those in the infinite 
beam. In the finite beam it is found that instead of one 
pair of waves there are an infinite number of pairs. An 
exact numerical computation of the combined output from 
all these pairs of waves is extremely tedious, but in many 
cases the amplitudes of many of the pairs of waves is so 
small that they may be neglected. The analysis was first 
demonstrated by Ramo! and Hahn?’ in 1939. As in the 
infinite beam case Maxwell's equations are applied to the 
system but there are now two boundary conditions, firstly 
at the junction between the electron beam edge and free 
space, secondly at the junction of free space with the metal 
drift tube. 

The resulting wave equations show that the propagation 
constants of the space charge waves are again very nearly 
that of the beam itself. The difference between the constants 
is denoted by a small fraction 6 thus: 

Bs = BA1 + 8)... vel AED 

Br = BA1 — 8) . (32) 
In the infinite beam case it was found that there were only 
two waves so that 6 had only one value. 

In the finite beam case it is worth studying the results of 
Ramo’s work as it illustrates how the solution yields an 
infinite number of values for 6. 

Ramo’s study of the boundary conditions for a beam of 
radius 5 inside a drift tube of radius a, yields the equation: 

Ji(Tb) K.(ra) 1(rb) —1.(ra) Ki(rb) 


= oh ae 
(76) ; Ki(ra) 1.(rb) — h(ra) K.(rb) 


par = TATb) 


where: 
om v(e — k’) 
and: 
T? = (8° — k*) ((wp/dw)? — 1) 
In nearly all cases the beam velocity. is such that 6? > k? 
and £2 = 8., and hence from equation (35) it is seen that: 


Wp 


~ VioP + (Tuy 
The propagation constants may thus be found if T can be 
determined from equation (33). 
Ramo’s method of solution is to write  ~ 8 ~ f. so that 
the r.h.s, of the equation can be evaluated for the par- 
ticular values of a and b used. The l|.h.s., f:(Tb) is then 
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evaluated for a range of values of T and plotted, the form 
of the variation being shown in Fig. 3. The intersections uf 
this curve with the value obtained from the r.h.s. define an 
infinite number of values of 7, which, in this approximate 
analysis, are independent of the beam current density. Jt 
is now possible to find a series of values of 6 for any given 
beam current density. If the solutions of T are denoted by 
Ti, Tz, Tz... Tn, then those for 6 are 1, d:, d3.... 5a. There 
are now an indefinite numer of pairs of space charge waves 
having propagation constants (i, G2, G3.... 8s. The ampli- 
tudes of these pairs may be found to be proportional to: 


l 
(Tab)? (1 + (T2b/Ka)) ne 





where: 

Ji(Tab) 
laa 
The mode corresponding to the lowest value of 7, i.e. 
= 1, has the largest amplitude. The amplitudes of the 


Kn = —Tnb . (37) 
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Fig. 3. Relationship between Ramo’s fanction f, (Tb) and Tb 


higher order modes fall off as the mode number increases. 
The relative amplitudes of successive modes depend on a, 
b, and £.. In certain cases the first mode is predominant 
and the higher order modes are small enough to be 
neglected. The propagation constant for the first mode is 


given by: 
Bp ; 
Bi = Be (1 = 5) Bo ia Vfl + (7 1/ Be)*] 


It is interesting to note that this expression is similar to 
that obtained in the case of an infinite beam except that 8, 
is now replaced by 3,/ V[1 + (T1/.)’]. The latter quantity 
( x uo) is called the reduced plasma radian frequency w, and 
the factor [1 + (7:/ 8.)*]~* the plasma reduction factor. As the 
reduction factor depends only on a, 6, and £8, it may be 
plotted for a wide range of values of these quantities and 
the results used in klystron calculations. The wavelengths 
associated with w, and wa, are A, and Ay. The maximum r.f. 
current in the first pair of waves in the finite beam occurs 
when z = (A, /4). 

The higher order modes all have wavelengths that are 
greater than that of the first mode but these wavelengths 
are not related in any simple way. If the higher order 
modes are not negligible then the total r.f. current in the 
beam at any point can only be found by finding the con- 
tribution from each mode. The resulting variation in the 
r.f. current with length will not be sinusoidal even though 
the distribution of individual modes is sinusoidal. 

Another important feature of the finite beam case is that 
the r.f. current is no longer evenly distributed over the 


ree (38) 
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whole cross-section of the beam. The radial distribution is 

different for each mode and is dependent on J,(7.r) where 

r is the radial position in the beam. Once again the actual 

current at any point has to be found by adding the currents 

in all the modes. The general effect of the radial distribu- 
tion is that more of the r.f. current is carried in the outer 
part of the beam than the inner. 

The differences between the space charge waves in finite 
and infinite beams may be summed up thus. 

Finite Beam and Drift Tube 

Infinite number of pairs of 
waves. 

Individual wave pairs have 
sinusoidal distribution of r.f. 
current with z but total 
current distribution not sinu- 
soidal, 

Radial variation of r.f. current. 


Infinite Beam 
One pair of waves. 


Sinusoidal variation of 
r.f. current with z. 


No radial variation of 
r.f. current. 

Maximum of r.f, current 
at 4 plasma wavelength 


Maximum of rf. current 
generally at less than } wave- 
length. 

The finite beam case is limited by the same restrictions 

(mentioned in the last section) as the infinite beam. 


Amplitudes of the Higher Order Modes 

It has already been seen that in cases where the higher 
order modes are negligible a modified form of the simple 
theory may be used where w, is replaced by wa. In cases 
where the higher modes are not negligible the complete 
theory must be used and all the significant modes included. 
As the amplitude of the mode always decreases with the 
mode order it will only be necessary to consider a finite 
number of the modes and it is important to know what 
factors affect the relative amplitudes. The expression for 
the r.f. current in the beam is: 





& I 
1(z) = 4jafo exp( — jf » S| aa (1+(T.b/K;)) 


x (1/6n) sin (Bebnz) 
(Where « denotes modulation depth V;/2V) 


This may be rewritten in the form: 


oo 
L(2) = 4jalo > Ao sin Bebuz . exp(—jBez).... (40) 


n=} 


1 
1/8n —_——_____— 
(spat +(Tab =) 


1 


VEL + (Ts/B¥) 
Thus the relative amplitudes of the modes are determined 
by: 


e 


/ 
On = wWp/ & 


(1 + (72/8) 
(Tnb)'(1 + (T26/Kz)) 
and this factor is only dependent upon the normalized 
radii of the beam and drift tube and is fixed for a tube of 
given dimensions and beam voltage. However, the complex 
relationship between the values of 7, and the tube para- 
meters, prevent any simple analysis of the relative mode 
amplitudes, and particular cases must be considered. 
The simplest case is that of a beam filling the 
drift tube. Here the value of 7,b is simply found 
from Fig. 3 as fi(Tb) is infinity and so Tib= 
2-4, T2b = 55, Tsb = 8-6, etc. Examination of equa- 


. (42) 
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TABLE 1 


Effect of drift tube size on the relative amplitudes 
of the higher order modes 
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Fig. 4. Variation in amplitude of the first five space charge modes with z 


tion (42) shows that the amplitudes of the modes fall off 
slowly if 7,?> 8.2 and this condition will be realized if 
either 7, is large (i.e. b is small) or if 8. is small. It is seen 
that the greatest value that the second mode can have 
with respect to the first is 2-4/5°5 = 0-43. 

In the case of a beam not filling the drift tube the calcu- 
lation is a little more complicated and can only be made 
for one particular set of conditions. Table 1 shows the 
relative amplitudes of the first five modes for various dif- 
ferent ratios of beam to drift tube size. It is seen that for the 
particular value of 8, chosen there is very little difference 
between R = 2-0 and R = ~. Fig. 4 shows the first five 
modes plotted in terms of their r.f. current contribution as 
a function of the drift length. The total r.f. current is also 
shown and it is seen that this differs appreciably from the 
first mode alone. The radial distribution is also affected by 
the ratio of the T,’s and this is illustrated for one particular 
case by Fig. 5. It must be remembered that all these calcu- 
lations have been made for a case where the input gap is 
gridded so that the velocity distribution at the input gap 
is independent of the radius. 


Space Charge Waves Launched by Gridless Gaps 

If the input gap is gridded then the velocity imparted to 
an electron by a voltage applied to the gap is independent 
of the radial position of the electron. However, in the 
individual space charge modes the velocities are a function 
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of radius in all cases where the beam size is finite. In order 
to satisfy the condition at the input gap the radial distribu- 
tion of velocities in all the modes must add up to give a 
uniform distribution of velocities at the gridded gap. This 
gives the relative amplitudes of the modes as discussed in 
the previous section, The only physical dimension of the 
gap that will affect the launching of the space charge wave 
is its length and if this is not small compared with 27/ B. 
then the efficiency of the gap will be less than that of a 
perfect gap, the difference being a factor (sinL/2)/(L/2), 
where L = £./ and / = length of gap. 

If the gap is not gridded then the velocity imparted to 
the electrons is not independent of their radial position if 
the normalized radius of the beam is not negligible. Once 
again the total sum of the velocity distribution of the 
various modes has to add up to the velocity distribution in 
the gap, which is now a function of radius, so that the 


| 3rd mode 
te 


RELATIVE AMPLITUDE OF MODE 


nd mode 


i 


Beam edge 


+ Beam centre 





Fig. 5. Radial variation of the first five space charge modes 


relative amplitudes of the various modes will be different 
from the gridded gap case. 


Output Gap Mechanism 

In any device in which fast and slow space charge waves 
are launched equally, no conversion of d.c. to a.c. energy. 
actually. occurs in the electron beam itself once the beam 
has left the device that launches the wave on it. Conver- 
sion of power only occurs when some output device 1s 
added and this often takes the form of a gridded or un- 
gridded gap. The gap configuration will not affect the rela- 
tive amplitudes of the modes in the beam (as is the case 
with the input gap) but the contribution made by each 
mode to the current appearing in the gap will depend upon 
the form of gap. If the gap is gridded then the coupling 
between the gap and each space charge mode in the beam 
will be the same, but for an ungridded gap, where the 
normalized radius of the beam is not negligible, the coup- 
ling will be different for each mode. The output current in 
the gap can be found by evaluating the gap factor for the 
radial distribution of current corresponding to each 
individual mode and thus finding the contribution that 
each mode makes to the gap current. 


Practical Significance of Higher Order Modes 


It is seen that an exact analysis of multi-mode space 
charge waves is rather tedious as it involves: 
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(a) Calculating the amplitude of each mode produced 
on the beam by the launching device. 


(b) Evaluating the propagation constant for each mode. 


(c) Evaluating the radial distribution of current in each 
mode at the output device. 


(d) From the results of (b) and (c) evaluating the con- 
tribution that each mode makes to the current appear- 
ing in the output device. 


Whether or not this rather lengthy procedure is neces- 
sary may be found by making a rough estimate of the 
relative amplitudes of the higher order modes. Unless the 
higher modes make a fairly substantial contribution to the 
total output the practical differences between an actual 
valve and the theoretical case considered here may. make 
the complete analysis unjustifiable. 


Small Signal Limitation of Space-Charge Wave Theory 
and Extensions to include Large Signals 

Space charge wave theory is always designated as a 

‘small signal’ theory but the exact limitations are often 
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Fig. 6. Webber's large signal theory 


not clearly stated. The small signal limitations can be 
easily defined by taking the case of an infinite beam 
and considering the method by which the original wave 
equation was obtained. In this method the products of 
small a.c. quantities were neglected. 
€.g.: 

pili < pol, pill < pillo 
or: 

pi < po, ui Uo 
The second condition is a simple one and merely states 
that Vi < V.. The conditions under which the first criterion 
is satisfied, in the case of a perfect gridded gap for example, 
can be seen by. considering the final results for the magni- 
tude of Ji, for from equation (29): 


1J)1 =(JoVi/2V 0) (w/ wp) sin Bz 
whence: 
\Jicp)| = \Jo(V1/2V 0) (w/wy)| 

Thus the a.c. component of current is comparable with 
the d.c. term when (V1/2V.) (w/w,) approaches unity. In 
many practical valves this condition is fulfilled even 
though V/V. is quite small and consequently this is a 
more stringent condition than V:/V. < 1. 

An exact analysis of large signal conditions in a finite 
beam with a drift tube has yet to be made but a recent 
approximate analysis by Webber® produces results which 
are extremely interesting in that they are verified by. experi- 
mental observations®. Webber’s analysis shows how the 
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waves behave in the situation midway between pure spacc- 
charge controlled waves and ballistically controlled elec- 
tron movement. The numerical results of this theory can 
only be obtained with the aid of a computer. It is a single 
mode theory and assumes that the radial distribution of 
r.f. current is uniform. 

The computed results show that as the depth of modula- 
tion is increased, so the drift length tends to decrease. This 
result is similar to that obtained with simple ballistic theory 
but the conclusions are applicable to cases where the space 
charge forces, although not predominant, are by no means 
negligible. Fig. 6 shows how the r.f. beam current varies 
with the drift length for various ‘normalized’ depths of 
modulation, the significant quantity being wqVo/wVi rather 
than V./V;. The effect of a finite beam is allowed for by 
the use of w, instead of wy, where w, is the modified plasma 
frequency. 

Although Webber's theory allows for large signals, it 
must be remembered that if V; is not small compared with 
V. then the velocity variations imparted to the electrons 
will not be sinusoidal. This point is often overlooked and 
arises from the fact that the electron velocity is propor- 
tional to V(V. + Visin wf) and the assumption is made 
that V V. so that the velocity is proportional to Vo + 
(V;/2)sin wt. When V; is comparable with V. then the 
higher order terms, which have been ignored, will not be 
negligible. 

One may sum up by saying that all theories so far quoted 
are only substantially correct under certain conditions. 
These conditions may be roughly collected together thus: 
All theories: Vi/V. fairly small so that the velocity varia- 

tions imparted to the electrons are sinusoidal. 

(1) Simple ballistic theory: Vi/V_ (w/w,) = (i/Vo) > 1 

(2) Space charge theory: Vi/2V. (w/w ,) <1 

(3) Webber theory: Vi/2V> (w/w,) of the order of unity. 
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(To be continued) 


A MINIATURE DIRECTION FINDER 


By making use of sub-miniature valves and transistors 
which require only small and light-weight power sources, 
Telefunken has designed a miniature direction finder measuring 
only 64in by 44in by 24in and weighing only slightly more 
than Ilkg. The direction finder can be carried in the pocket or 
fastened to a belt and, therefore, for certain purposes its use 
is completely inconspicuous. 

The frequency range can be divided into 10 sub-ranges 
between 57kc/s and 20Mc/s by the insertion of exchangeable 
coil cartridges. The ferrite antenna incorporated in the set is 
adequate for taking bearings in the near field—for a higher 
d.f. performance it is possible to connect a larger d.f. loop 
antenna which, for instance, can be fastened to the lining of 
the operator’s jacket or coat. An auxiliary antenna for the sense 
determination is laid over the operator’s shoulder. The fre- 
quency setting can be read from the position of the pointer 
on the scale whichever coil cartridge is used. The scales are 
calibrated in kc/s or Mc/s. The instrument for indicating the 
relative field strength or output is worn like a wrist-watch 
round the left wrist, where it can be observed without attract- 
ing undue attention. To determine the bearing direction it is 
merely necessary for the operator to turn his body slowly into 
the position of the d.f. minimum signal. If necessary, it is also 
possible to use the minimum volume in the headphone as a 
measure. 
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An Integrating and Differentiating Amplifier for Use in 
Vibration Measurements 


By M. Kringlebotn*, Eng. appl. phys. 


The signal source in the vibration measurements is assumed to be a velocity pick-up, and the amplifier 

output is delivered to a low-impedance load (e.g. a galvanometer with 25) internal resistance). 

When used as an integrator the amplifier converts the input velocity signal to a signal which indi- 

cates the displacement and, when used as a differentiator, to a signal which indicates the acceleration 

of the pick-up. The amplifier may also be usedfor linear amplification of the velocity signal. 

The amplifier stages are stabilized with respect to temperature changes. The additional feedback also 
contributes to thermal stability. A single 12-6V source is used. 


(Voir page 527 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 532) 


The Amplifier Circuit 
The complete circuit of the amplifier is shown in Fig. 
1 and is discussed briefly below. 


LINEAR AMPLIFICATION 

The three amplifier stages are current controlled and 
parallel current feedback to stabilize the current ampli- 
cation is therefore advantageous. This is accomplished 
by means of a feedback resistance of 100 at the collector 
side of the third stage. The feedback current is fed to 
the base of the first stage. 


DIFFERENTIATION 

The input voltage is differentiated by means of a small 
capacitor in series with the small input resistance of the 
first stage. Because of the large capacitive reactance the 
differentiating amplifier is current controlled and therefore 
has the same feedback as the linear amplifier. In addi- 
tion the parallel current feedback has the advantage of 
lowering the input resistance of the first stage. 


INTEGRATION 

A comparatively small internal resistance of the signal 
source is assumed, and the first stage of the integrating Fig. 2. The low frequency performance of the circuit 
amplifier is therefore vcltage controlled, while the follow- (a) (6) (c)—Input signals with frequencies of 18, 100 and 1 500c/s 
ing stages are current controlled as before. The first (d) (e) (f)}—-The integrated signals 
stage is consequently given series current feedback which (g) (h) )—Differentiation of the integrated signals 
stabilizes the ratio of the output current to the input Se nee ef ae: Rapes eyes 
voltage. This feedback is accomplished by the partly 
decoupled emitter resistor 
which also serves as the gain Fig. 1. The imtegrating and differentiating amplifier 
control for the integrating Switch positions: (1) Linear amplification, (2) Integration, (3) Differentiatior 
amplifier. 

The output current of the 
first stage is integrated by 
means of the succeeding two 
stages, the first in emitter 
and the second in collector 
coupling. The capacitive 
feedback over these two 
stages is of the parallel cur- 
rent type and is proportional 
to the frequency and in 
opposition to the input cur- 
rent of the second stage. The 
output current is thus in- Output 
versely proportional to the 
frequency of the input volt- 
age as it should be for an 
integrating amplifier. 
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Performance 

Cheap low-frequency transistors are used, but are satis- 
factory for the purpose. The photographs shown in Fig. 
2 give a good indication of the low-frequency perform- 
ance of the amplifier. 


FREQUENCY-DEPENDENCE OF AMPLIFICATION 
In these measurements a 251 resistive load was used. 


Linear Amplification 

The result is shown in Table 1. The maximum ampli- 
fication of the circuit used as a linear amplifier (measured 
at 100c/s) is five times. 


TABLE 1 


The frequency dependence of linear amplification 





FREQUENCY (C/s) OUTPUT (mV) 
Input = 20m} 

20 
40 
80 
160 
320 
640 
1280 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 











Integration 


The performance as an integrator is shown in Table 2. 


TABLE 2 


Integration in three partly overlapping frequency ranges 





FREQUENCY (c/s) OUTPUT (mV) 


Input 


20m 


20 
40 
80 
160 
320 
640 
1280 
Input = 157mV 
160 
320 
640 
1280 
Input 
500 
1000 
2000 
4000 











At 20c/s the maximum amplification is about 11 and is 
obtained when there is no feedback in the first stage. In 
this case, however, a considerable distortion of the signal 
occurs. 
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Differentiation 
The performance of the circuit when used as a differen- 
tiate is given in Table 3. 


TABLE 54 


Differentiation in three partly overlapping frequency ranges 





FREQUENCY (c/s) OUTPUT (mV) 


Input = 2°4m\ 
0 0-2 (noise) 
20 26 
40 5 
80 10 
160 20 
Input = O-3mlb 
80 
160 
320 
640 
1280 


Input = O-1mV 


500 
1000 
2000 


2-95 
58 
11-3 


505 








4000 20 





Maximum amplification at 20c/s is about | 
INTEGRATION FOLLOWED BY DIFFERENTIATION 

Table 4 shows the result of differentiating the output 
from the integrator. Ideally the result should be inde- 
pendent of the frequency; this holds for low frequencies. 


TABLE 4 


Integration followed by differentiation 





FREQUENCY (C/s) ouTPpuT (mV) 


Input = 15mb 
20 
40 
80 

160 
320 
640 
1280 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10000 











Conclusion 

The current drain of this circuit is only 23mA. The 
working point of the third stage is chosen to give a 
maximum voltage output of about 20mV to the 25{) load. 

The tables show that the circuit works satisfactorily in 
the frequency range of 20c/s to 3kc/s. The feedback cir- 
cuits are very effective, and necessary, for the good per- 
formance of the circuit. 

If a high input impedance is desired, one may add a 
collector coupled stage at the input. 
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A Novel Single Transistor RC Oscillator 


By E. T. Emms*, B.Sc., A.R.C.S., A.M.LE.E. 


A novel single transistor RC oscillator is described which will oscillate with the majority of low 

frequency transistors even when the transistor current gain is at the lower limit. The circuit employs 

a modification of the parallel-T network, The effect of finite transistor input impedance and output 
capacitance is discussed. 


(Voir page 527 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 532) 


INGLE valve RC oscillators have been in use for a 
considerable time. The stage gain requirements for valve 
RC oscillators are as follows: 


Three-stage RC coupled . 
Four-stage RC coupled - - 
Parallel-T ew. 


gain required = 29 
gain required = 18-4 
gain required = 11 


R R 


Cc 
st 
ac = 


a Vout 


° 








Fig. 1. Normal paraliel-T network 


ac is) 
Rijn | 
c ~~ 


Fig. 2. Revised parallel-T network 











It will be noted that the parallel-7 circuit requires the least 
gain for maintenance of oscillation so that it is to be 
expected that such a circuit will reliably oscillate with 
valves approaching the end of their life. Alternatively 
advantage may be taken of this small gain requirement to 
design the circuit to give a very. good waveform. 


The only RC oscillators described for single transistor 
operation are the RC coupled types’. The required ’s for 
these circuits are: 


Three-stage RC coupled a 
Four-stage RC coupled - - 


8 required > 46 
8 required > 35 
Examination of the transistor manufacturers’ catalogues 


shows that most low frequency transistors have a lower 
limit of 8 less than these figures and it follows that circuits 





* General Precision Systems Ltd. 
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cannot be designed which operate reliably for all tran- 
sistors of a given type. Because of this, most audio tran- 
sistor oscillators described in the literature use two tran- 
sistors in a Wien bridge circuit or variants of this. Accord- 
ingly it was investigated to see whether the parallel-T or a 
variant of it could be exploited to produce a reliable single 
transistor oscillator. The parallel-T circuit as normally 





’ 


° a Y 
ac I, } Rin 
2) Ea RF 
; R 1) YL n/T 


Fig. 3. Redrawn circuit of Fig. 2 








B REQUIRED 








Fig. 4. Required © for values of n 


employed is not suitable since it requires to be driven from 
a low impedance voltage source and be terminated in a 
high impedance. A variant of the circuit is shown in Fig. 2. 
It will be noted that terminals B and p of the normal 
parallel-T shown in Fig. 1 have been interchanged and the 
revised parallel-T network is shown working into a very 
small (effectively zero) impedance. 


Circuit Analysis 
Straightforward analysis of Fig. 3 gives: 
(1 + x1 + n) —1 
—1 1 + mx 0 

—x 0 


—x | I; 
7 
n+x || h 


where x = pCR 
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whence: 


=  ] 
hllew 2%. xn(2+n)\(1+2) 


In n+(242n4+n3)x4+(2+2n4+n))P? +2 





Putting wCR = w/wo = 1, ie. x = j 


n(2 + n) 
242+ 


To/ Tin i res ee {2) 
which indicates that at a frequency given by w. = 1/RC the 
output current is in phase with the input current to the 
network. 


Differentiating this expression with respect to n it is 
found that its maximum value occurs when n = 2(1 + 
V2) = 48 and then: 


7-657 


4v2 
= —— = 1-094 


Iofla = ee 25 


7 














Fig. 5. Practical circuit of oscillator 


Thus under these conditions the network has a current 
gain. 

For sustained oscillations this network must be asso- 
ciated with a transistor stage which gives zero phase shift, 
input to output, and the grounded base stage satisfies this 
requirement. The stage gain at w = wo must be sufficient 
to have an overall loop gain of unity so that the transistor 
current gain must be equal or greater than 1/1-094; this 
implies a transistor having « > 0-9132 or 8 > 10-66. Nearly 
all commercial transistors (even on lower limit) meet this 
requirement. 


For values of n other than the optimum given above the 
necessary 8 required may be found: 


1 2+n+7n' 


B> Galin) - 1 “™ 


@g=—2 
This expression is plotted in Fig. 4 and it will be noted 
that the value of n is not critical and therefore for design 


purposes one may take n= 5. 


In the above analysis it was assumed that the input 
resistance of the transistor was negligible compared with 
R. Of course the input resistance is finite, though small, 
and so a further analysis is given in Appendix (1) to show 
the effect of input resistance on the operation. At higher 
frequencies the collector to base capacitance becomes 
important and Appendix (2) discusses this effect. 
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Practical Circuit 

Fig. 5 shows a practical realization of the oscillator. 
The circuit is arranged to operate at a collector current of 
between 1-5 and 2‘0mA since this leads to the optimum 8 
value for the transistor. 

The base supply must be firmly decoupled, a rough guide 
being that the decoupling capacitor capacitance should be 
20 to 30 times the frequency determining capacitors. 

The range of frequencies obtained was large, frequencies 
of 15c/s to 100kc/s being obtained with ease. 








< _ Frequency 
control 
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Fig 6. Methods of frequency control 
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Fig. 7. Arrangement for keying the oscillator 


pa 





For the lower frequencies, electrolytic capacitors were 
used in the frequency determining network. 

With a network designed for a nominal oscillation fre- 
quency of 12-37kc/s the following results were obtained. 





104 


Supply potential (volts) l 74 | 9 | 
12-32 


| 12-4 12-37 





Frequency (kc/s) 








Ambient Temperature (°C) | 19-5 27:2 | 34 | 40 
| | 
| 12-37 | 12-485! 12-63 | 12-82 








Frequency (kc/s) 








No difficulty should be experienced in providing any «f 
the standard frequency/temperature stabilizing techniques. 

The circuit works equally well with pnp or npn tran- 
sistors (with appropriate change of supply of course). 


Fig. 6 shows two methods by means of which the fre- 
quency may be varied over a small range. 
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Keying the Oscillator 

It is frequently desired to key an oscillator. Many circuits 
produced for this purpose suffer from the disadvantage 
that the anode current or collector current is ‘ turned’ on 
or off which results in a step of current. This gives rise to 
objectionable ‘ key clicks’ if the output is fed into a head- 
set or loudspeaker. This objection may be obviated by the 
use of the circuit shown in Fig. 7. In this circuit, it will 
be seen that the decoupling capacitor on the base is 
removed and re-introduced by operation of the keying 
member (this may be a key, relay contacts or a switched 
transistor). While the capacitor is removed the circuit will 
not oscillate. The capacitor is maintained charged to its 
normal operating potential. By this means the d.c. con- 
ditions in the transistor oscillator do not change whether 
it is oscillating or quiescent and hence ‘key clicks’ are 
obviated. 


APPENDIX (1) 
EFFECT OF FINITE INPUT IMPEDANCE OF THE TRANSISTOR 


If it is assumed that the input resistance of the tran- 


n+ 
sistor can be represented by wR then the aah matrix is 
modified to: 


1+n)(1 +x) 
1 


— 


—1 
1l+nx+unx 


—x 


— pnx [=| nxlin | 


{| i, | | mxlin | 
| Is 


1} 
— unx n+X+unx Na | an 


Table 1 may be constructed. 


TABLE 1 





Resonant frequency 
(with p= 0) 


Required 
10-66 
12-20 
14-18 
26-9 | 
62:5 


7 


1-0 
0-965 
0-935 
0-861 
0-817 


0 

0-01 
0-02 
0-05 
0:07 











It will be seen that the presence of finite input resistance 
lowers the ‘resonant’ frequency. below that given by the 
simple equation f = 1/2xRC and further the required 6 
may become quite large if the input resistance becomes an 
appreciable fraction of the network R. 


APPENDIX (2) 
THE EFFECT OF TRANSISTOR OUTPUT CAPACITANCE 
If the transistor output capacitance be represented by 
C/A then a straightforward though lengthy analysis yields: 


xn(2 +n) (1+x) 


+242 2n+n)x +(2+2n+n x2 + nx +(x/A){2n+ (44 nx 2nx*} 


"This expression is real at a frequency given by: 
+ (2n/dX) 
4+2n+n° 

r 


2+3n+n° 


WOR? = ———""" 


2+3n+n°+ 


and then: 


n(2+n){2+3n+n’+((4+2n+n°)/A)} 





(2+2n +n’ +(2n/d)) ( 


+2n 


4+2 P 
2+3n+n?+ te nahin 
A 


+) _ (2+3n4+-n2-4Qn/ ay(" ) 


/ 





whence: 
lefin @ — xn(2+n\(1 +x) 
o/ fin n+(o+n8)x+(o + 2nd) +n(1+ 0x2 


uw(2+n) @ = 24+2n4+n'* 





where 6 = 
Again putting x = jwCR = jw’ the condition for zero 
phase shift between input and output is found to be: 
1 or 1 
146 1+yn2+n) 
ore is: 
ICR 
v{l + Sal 


(w’? a (woCRY = 
so the ‘ resonant’ 


wo = 


n)] 


is then given by: 
n(2 + n) 


The current gain at ‘resonance’ 


To/ Tin = 
2+n+n' + pn(2 + n) 


and the necessary transistor 8 to maintain oscillation is: 
2+n+n* + pn(2 + n) 
s>—=5 
- pn(2 + n) 


— 





Taking the normal design value of nm = 5 these equations 
become: 

1/CR 
~ V(l + Tu) 


32 + 35u 
Po e 35u 


ELECTRONIC ENGINEERING 508 


Taking n as the normal value of 5 these equations reduce 


to: 
wer = ,/( ) 


bic 1344 + (1393/A) + (290/A2) 
' ~ 126 — (28/A) — (290/A2) 


Table 2 may be constructed. 


42 + + (10/A) 
42 + (39/A) 


TABLE 2 





wCR | Required 8 


| 





10-66 
10-66 
10-8 
12°4 
52:8 


1* 
1: 
0- 
0- 
0- 











These figures show the necessity for keeping the mesh 
capacitances at least ten times greater than the transistor 
capacitance, 
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Use of a Transistor 
for Setting a Square Loop Magnetic Core 


By I. Krajewski*, B.Sc. 


After showing that most available transistors have to be regarded as voltage sources when setting cores, 
an analysis of the basic circuit for setting a core is given; this shows that, under given conditions, for 
fastest setting there is an optimum number of turns for the setting winding. An experimental verification 
of these results is given which shows quite good agreement with calculation. A practical circuit is 
briefly described together with calculations of the junction power dissipations within the transistor used. 


(Voir page 527 pour ie résumé enfrangais; Zusammenfassung in deutscher Sprache auf Seite 532) 


HEN setting a square loop magnetic core it is usual, 
but not essential, to have a current source. This is 
because during setting, the core develops back e.m.f. which 
opposes that trying to set it. To achieve a current source 
the voltage used for setting the core should be much greater 
than the back e.m.f. developed by the core being set. 
Most available fast switching transistors have relatively 
low voltage and current ratings, and therefore in general 
must be considered as voltage and not current sources when 
setting square loop magnetic cores. It is the purpose of this 
article to show that there is an optimum number of turns 
which gives the fastest setting for a given voltage, current 
limiting resistor and core. 


The circuit to be analysed is shown in Fig. 1. 


Fig. 1. The basic circait for 
setting a core from a voltage 
source 





The dotted line Fig. 1 encloses a square loop core which 
has N turns wound on it. The e.m.f. E developed across 
the core due to the change of flux in it during switching 
is given by: 

E = —N(do/dt) .. Tey 
according to Faraday’s Law. This may be approximated to 
the relation: 

E= — (No/?) re 
where @ is the total change of flux in webers, and E the 
average value of e.m.f. developed over the switching time 
t; E and ¢t being expressed in volts and seconds respectively. 

The circuit equation for Fig. 1 is: 

E+IR-V 
whence: 
ff 

R 
Substituting the value of E from equation (2): 


I= 


Now the relationship between the switching time t and the 
driving ampere-turns NIJ can be expressed approximately 
in the form. 


which may also be familiar in the form: 
(H —H.)t=S 


* International Computers and Tabulators Ltd. 
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and A = 10 LH./42 and B = 10 LS/4z: L, S and H, being 
the magnetic path length, the switching constant and the 
coercive force respectively. 
Substituting for 7 from equation (4) into equation (5) and 
re-arranging : 
NVt — No — RAt 
l/t = ‘ (7) 
BRt 
cross multiplying: 
BRt = NV? 


’. BR 


N*ot — RA? 
NVt — N*o — RAt 
BR + N’o 
~ (NV —RA) 
It will be evident from equation (8) that there exists an 


optimum number of turns N for fastest switching. Differen- 
tiating equation (8) with respect to N: 


(dt/dN) NV + tV — (dt/dN) RA = 2N@ 
.. (dt}/dN)(NV - RA) = 2N@ — WV 
2No — tV 
(NV — RA) 
Substituting for ¢ from equation (8) and rearranging: 
2No@(NV — RA) — (BRV + N’oV) 
(NV —-RAY 
Setting (dt/dN) = 0 for a minimum then: 
2N*o — 2N@RA BRV — N’*oV = 0 
.. N*9V — 2N@RA — BRV =0 
.. N? — (2RA/V) N — (BR/9) = 0 


Solving this equation for N: 


243 
N 1/2 2Ralv (= A ) 
V i ¢ 


The negative sign is inadmissible since it will make V 
negative. 


j 242 ° 
*, Niopt) = (RA/V) + , | = + RB ¢)-- (9) 
V\ Vv 


ee 


“. (dt/dN) = 


(dt/dN) = 


Experimental verification of equations (8) and (9) was 
carried out on a Plessey 2-4mm/S4 magnetic core, using a 
Mullard OC42 transistor as the driver. The following con- 
stants as quoted by the makers were used in equation (8). 

A=04 

B = 0-63 x 10°* 

@ = 94x 10-° Webers 
Fig. 2 shows a graph of ¢ plotted against N using equation 
(8), as well as an experimental curve, for 

V = 16V 

R = 1500 
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It will be observed that the agreement between theoretical 
and experimental results is quite good, bearing in mind the 
approximations involved. Both graphs indicate a broad 
minimum, giving considerable margin in the choice of the 
number of turns. 


Circuit Description 

Fig. 3 shows the circuit used in the above investigations. 
The circuit is a straightforward amplifier, and it is not pro- 
posed to give in detail the operation of the circuit. The 


TIME OF SETTING (usec) 


° © 20 3 40 SO 6 70 80 
NUMBER OF TURNS 


Fig. 2. A comparison of plots of switching time against number of turns 
on the setting winding 


-16V 
Set and output winding 


Reset winding 








Fig. 3. A practical circuit 


points of particular interest about the circuit are the 
following: 
(1) The use of a diode between collector and base to 
prevent excessive hole storage. 


(2) The use of a diode to prevent excessive voltage being 
developed at the collector when the core is switched 
out. 


Consider the circuit shown by Fig 4, where all the 
windings on the core are separate. During resetting, the 
voltage induced at the collector will be of such a polarity 
as to bring it more negative than its quiescent value of 
—16V. This is highly undesirable and to prevent this 
happening the ‘set’ and ‘ output’ windings are combined, 
as shown in Fig. 3 so that during resetting any negative 
excursion of point (a) is suppressed by the OAS diode which 
also serves to route the resetting current into the memory 
cores. 


ELECTRONIC ENGINEERING 


510 


Dissipation 

It is of interest to determine the maximum p.r.f. of which 
the circuit is capable, This is dependent on the frequency 
cut-off and the dissipation of the transistor. 

An estimate of the dissipation of the transistor, working 
in the circuit shown in Fig. 4 is given below. 

The voltage and current waveform of the collector are 
approximately as shown in Fig. 5. 

The average power per cycle P is: 


P= 


: rf, ( ) 
——} | (Iot/ti)(vo — (Vet/t1)) dt + 
peers \ ») 


° 


f(le — (lot |ts))(Vot ta) dt + [ Veol: ar |. 


agv Output winding 


J OAS 


' rs Memory 
-t. cores 


‘+ 


Set winding 








= 


Fig. 4. The arrangement in Fig. 3 modified to prevent an excessive 
excursion of collector potential 


Fig. 5. Symbols denoting 
intervals of a pulse 


Rearranging equation (10): 
P= 


1 
hi + ts + fs 


t 
[ Vole f (t/t) (t — ti) dt + Ved. 


— 


4 4 
fas (t — te) dt + Veol- f dt 


Integrating one obtains: 
1 Vele 
P= 
hth+ths 6 


case of the circuit shown in Fig. (4): 
»= 16V 
100 x 100-°A 
ce = 0:28V 
= 0-2 x 10-*sec 
ts = 0-45 x 10-*sec 
te = 0-15 x 10~*sec 


Substituting those results in equation (11) one finds that the 
average power dissipated per cycle is 133mW. Working at 
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133 x 0:8 
500kc/s the average power dissipated would be — 


= 53mW. 


Similar calculations for the base junction indicates that 
it dissipates about 3mW; thus the total dissipation of the 
transistor would be 53 + 3 = 56mW. Now, the maximum 
permissible dissipation of an OC42 at 30° ambient is 65mW, 
indicating that 500kc/s is almost the highest frequency at 
which the circuit can be used. 

Sometimes it may be required to determine the maximum 
frequency at which a circuit can be operated, given the rise, 
fall and duration of the pulse and the maximum average 
dissipation of the transistor P (max). 

Lettht+h+t=7T 

Let f = (1/T) = the frequency of operation; the ratio of 
7/T is the duty cycle, being the ratio of the period of opera- 
tion to the period of rest of the transistor. Since P is the 
average dissipation per cycle, the average dissipation of a 
transistor with a given duty cycle is: 


Now let Pay = Pmaz 
5 io 


o “a = Prax 


zx 


Equation (13) then determines the maximum frequency of 
operation of which the transistor is capable without exceed- 
ing its dissipation. 


For the circuit under discussion: 
7 = 08 x 10sec 
P = 133mW 
Pmax at 30°C = 65mW 


Pmax 7 65 


2 ona 0-60 x 10%c/s 
P.r 133x08 sistas ba 


Es x 10° 
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Analogue-Digital Computing System 


A combined analogue and digital computing system has been 
developed by Redifon Ltd of Crawley, Sussex. Known as 
RADIC (Redifon Analogue-Digital Computing System) this 
new system has been designed for general purpose use as a 
system rather than a fixed size computer. 


Basically the system comprises an assembly of d.c. drift- 
corrected amplifiers, electronic multipliers and diode-network 
function generators, operating on a relatively fast time scale. 
These electronic analogue computing elements, backed up by 
electro-mechanical servo-operated integrators and multipliers, 
perform the operations of addition and subtraction, multiplica- 
tion and division, integration and differentiation with respect 
to time and the generation of mathematical functions (e.g. sines, 
squares logarithms). 


The different computing elements can be interconnected in 
various ways, depending on what type of computation is to 
be performed, by means of a central patchboard. 


For feeding numerical data into and out of the analogue 
computing elements, and also for storage of data, digital 
devices are used. There are two keyboards for input informa- 
tion. One, on a modified “Addo X” digital printer, is for feed- 
ing numerical data into the storage system. The other key- 
board is for the automatic setting of coefficients in the analogue 
computing elements. There are also two devices for digital 
output information—an illuminated number display (on both 
the main computer and the central desk) and a print-out 
mechanism (on the “Addo X” printer). Digital storage is pro- 
vided by a magnetic tape equipment, which can also be used 
for the simulation of time delays and other special purposes. 


All these digital input, output and storage devices operate 
in the parallel mode which enables the digital units to match 
the high speed of the analogue computing elements. The trans- 
lation of data from digital to analogue form and vice versa is 
done by analogue-to-digital and digital-to-analogue convertors. 


A feature of the RADIC system is the magnetic-tape digital 
storage system. This extends the field of use of the system to 
complex types of input data which the normal type of analogue 
computer is unable to handle. Physically this storage system 
takes the form of a separate transportable cabinet which con- 
tains two tape decks, a digital encoder for translating input data 
into a form suitable for storage, and a_ digital-to-analogue 
convertor for translating digital data from the tape into a form 
suitable for the analogue computing elements. 
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A special version of the unit, designed to operate as a self- 
contained, transportable process analyser, will be available. 
This will contain, in addition to the above facilities, multipliers 
and integrators to allow auto-correlation or cross correlation 
functions to be computed from analogue data recorded on the 
tape or tapes from the processes in question. 

A new principle is used for the storage of digital informa- 
tion on the magnetic tape. This is the principle of quantizing 
(separating into small steps) the time scale as well as the data 
recorded. In a conventional magnetic tape data storage system 
the time scale is continuous, that is, the tape moves in a steady 
fashion and the data is recorded and read out in a continuous 
stream. In the RADIC equipment the magnetic tape, which is 
sprocketed like cinematograph film, is moved in separate small 
steps, and digits are recorded and read-out while the movements 
are taking place. 

By this means the stored information is put. under more 
precise control than it would be on a continuously moving tape, 
and, in fact, the small steps are accurately synchronized to the 
read in/read out circuits. Although the tape always moves at 
constant speed over the magnetic heads, the intervals of time 
between successive movements can be extended at will. As a 
result the average tape speed can be precisely varied over an 
extremely wide range of speed. The electrical pulse which 
controls the stepping action can be set at a constant rate or 
made to vary in accordance with some other quantity involved 
in a computation. 

One special use of this storage system is that it can be used 
to simulate time delays which may occur in process control 
systems. Data is recorded on the tape and then read out by a 
reading head which is physically displaced from the recording 
head—the time taken for a point on the tape to pass from the 
recording head to the reading head being determined by an 
accurately controlled number of steps, each of which takes an 
accurately controlled interval of time. In addition this time- 
delay facility is used for correlation computing, in which data 
stored on the tape is continuously compared with data on other 
parts of the tape (displaced by known intervals of time) in 
order to detect periodicities. For this work it is necessary to 
be able to automatically alter the spacing between the two 
heads by an electrical signal to give a series of different time 
delays as the computation proceeds. This is done by a mechanism 
in the tape deck, based on differential movement between two 
tape driving sprockets. 

On the control desk, besides the digital input and output 
equipment, there is also a bank of push-buttons for the com- 
plete overall control of the computer. 
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Short News Items 


At the British Scientific Instrument 
Research Association’s headquarters at 
Chislehurst, Kent, work has now started 
on the erection of a new building. The 
building, which will comprise new work- 
shops and mechanical laboratories, 
should be completed in the late autumn. 
The new laboratories will enable the 
Association to extend its activities in the 
mechanical engineering field, while in 
the workshops provision has been made 
to accommodate more specialized equip- 
ment and precision machine tools, there- 
by improving the workshop facilities 
available both to the laboratories and 
to member firms in the Association. 


At a private ceremony at Marconi 
House, London, on 6 July, Lord Nelson 
of Stafford, Chairman of The English 
Electric Group, presented to the National 
Trust the title deeds of some 40 acres of 
land at Poldhu, Cornwall. The gift was 
accepted by Earl De La Warr, Chairman 
of the Trust’s Estates Committee. It 
was at Poldhu that Guglielmo Marconi 
erected his radio station which on 12 
December 1901 transmitted signals across 
the Atlantic which were received by him 
at St. John’s, Newfoundland. The Poldhu 
station was dismantled in 1937 when a 
granite column was erected to mark the 
site. 


The Electronic Engineering Associa- 
tion and the Radio Industry Council are 
again sponsoring the annual awards 
which have been made for the past ten 
years for published articles on elec- 
tronics. Articles published during 1960 
by other than professional writers will 
be considered by a panel of judges now 
consisting of: 


Air Marshal Sir Raymund G. Hart, 
Director R.LC.* 

Professor H. E. M. Barlow. Prof. of 
Electrical Engineering, University 
College, London. 

Mr. B. C. Brookes, Senior Lecturer, 
Department of Engineering, Univer- 
sity College, London. 

Mr. A. H. Cooper (E.M.I. Ltd). 

Mr. F. Jeffery (Murphy Radio Ltd). 

Mr. G. Reeves (A.E.I. Ltd). 

Dr. R. C. G. Williams (Philips Elec- 
trical Ltd). 

Articles published in trade and technical 
journals serving user industries are 
eligible as well as those in radio and 
electronic journals. Six premiums of 25 
guineas each are offered to the writers 
of what are judged to be the best articles 
published between January and Decem- 
ber this year. Further particulars can be 
obtained from the Secretary, The Elec- 
tronic Engineering Association, 11 Green 
Street, Mayfair, London W.1. 





* The death was announced on 17 July of Sir 
Raymund Hart 
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The BBC’s Television Centre at the 
White City, which officially opened on 
29 June, is believed to be the biggest 
television headquarters in Europe, 
occupying a site area of some 13 acres. 
Its technical and production resources 
are second to none. Studio Three, which 
is the first to be commissioned, is a six- 
camera studio. For this the BBC is 
using Marconi Mk IV image orthicon 
camera channels equipped with the 
English Electric Valve Company’s 44in 
camera pick-up tubes. Marconi have, in 
addition, supplied the following items 
for the Television Centre: 


13 Mark IV image orthicon television 
camera channels. 

11 Mark IV vidicon camera channels. 

75 2lin monitors for use in the pro- 
duction areas. 

10 Slide projectors, complete with 
remote control panels and random 
selection remote control panels. 
Optical multiplexers. 

Electronic switches, together with 
pattern generators. 
Picture and waveform monitors. 


An extensive network of telecommuni- 
cation cables has been installed by Stan- 
dard Telephones and Cables Limited for 
the British Post Office to interconnect the 
new Television Centre with other BBC 
centres, at Broadcasting House and a 
number of buildings in the Shepherd’s 
Bush area, and GPO switching points at 
Shepherd’s Bush, Acorn, Faraday and 
Museum exchanges. This has, therefore, 
involved the installation of many new 
cables for telephone, broadcast sound 
and video transmission. Among the many 
types of cable supplied for television 
picture transmission are 2-, 4- and 6- 
core coaxial cables with a tube diameter 
of 0-375in, 3-core coaxial cable with a 
tube diameter of 0-975in, video pair cable 
and composite audio pair/coaxial cables. 


Steatite and Porcelain Products Ltd, 
Stourport-on-Severn, have announced 
that an agreement has been concluded 
with the Compagnie Generale d’Electro- 
Ceramique for full technical collabora- 
tion, including exchange of patent rights. 
At the same time, Steatite and Porcelain 
Products have become selling agents in 
Great Britain for the products of Com- 
pagnie Generale d’Electro-Ceramique. 
which company will now represent 
Steatite and Porcelain Products in 
France. In this way, special ceramics 
and insulator designs from the French 
company will be made immediately 
available to the British market, until 
manufacture is established at the Stour- 
port factory of Steatite and Porcelain 
Products Ltd. 


The Simms Motor and Electronics 
Corporation have announced that they 
have acquired the whole of the issued 
share capital of Dawe Instruments Ltd 
of Ealing, Middlesex, and their associated 
manufacturing company, LMK Manu- 
facturing Co. Ltd of Brentford. These 
developments expand still further the 
electronics side of the Simms Group 
which only recently was augmented 
by the acquisition of Messrs. Cawkell 
Research & Electronics Ltd. With the 
Cawkell and Dawe interests now under 
the same control, the Simms Group is in 
a position to provide complete coverage 
on component manufacture, applied elec- 
tronics and instrumentation. 


The fifth Reactor School course on 
the Control and Instrumentation of Re- 
actors will be held from 12 to 23 Sep- 


‘ tember 1960, and will be open to British 


and overseas students. It will take place 
at Durley Hall, Bournemouth, Hamp- 
shire. The course is primarily intended 
for those who have a direct interest in 
the control and _ instrumentation of 
nuclear reactors, and it will be assumed 
that participants have some knowledge 
of the basic principles of these subjects. 
In addition to lectures there will be visits 
to zero energy and high flux research 
reactors and other relevant parts of the 
Harwell Establishment. There will also 
be a visit to the Atomic Energy Estab- 
lishment, Winfrith. 


Associated-Rediffusion’s new Studio 
Five, which has recently been opened, is 
the largest television studio in Europe 
and the British Commonwealth. EMI 
Electronics Ltd have supplied all the 
television camera channels and associated 
video equipment used in the studio, and 
have also been responsible for the tech- 
nical wiring and installation of all 
technical equipment. The company have 
supplied 10 of the new EMI image orthi- 
con camera channels, 50 2lin picture 
monitors, camera control and monitoring 
equipment, and duplicated vision mixing. 
A special feature of the studio is a sound- 
proof partition which can be raised or 
lowered to divide the studio into two. 
Each half of the studio is equipped with 
its own vision production and control 
facilities to provide facilities for the 
operation of either side separately, or for 
the integration of both halves into one 
overall operation. The Studio can func- 
tion on 405, 525 or 625 line standards 
and the vision equipment is designed to 
operate on any one of the three standards 
by the use of a switch or changeover plug 
connector, without the need for supply- 
ing any substitute units or carrying out 
any modifications. The Studio can be 
converted from one standard to another 
in less than 20 minutes. 


AUGUST 1960 





Investigations into the behaviour of 
materials at very low temperatures are 
being carried out at the Clarendon 
Laboratory of the University of Oxford. 
Of special importance is the variation 
in the magnetic properties of materials 
at temperatures approaching absolute 
zero. To extend the University’s efforts 
in this direction a new laboratory is to 
be built for the purpose and Mullard 
Ltd have made a grant of £25000 to- 
wards the cost of the new building. The 
new laboratory will be known as the 
Mullard Cryomagnetics Laboratory. 


The first direct telephone cable between 
the United Kingdom and Sweden is now 
being installed between Middlesbrough 
and Gothenburg. It is the longest sub- 
marine telephone cable system in Europe 
and is also, to date, the longest in the 
world using a single cable for both 
directions of transmission, being some 
530 nautical miles in length. The 
polythene dielectric coaxial cable was 
manufactured at the Standard Telephones 
and Cables works at Southampton and 
was fed direct on to cable ships Monarch 
and Ariel. Twenty-nine submerged re- 
peaters installed at intervals along the 
cable were manufactured at the STC 
North Woolwich factory in special air- 
conditioned areas designed especially for 
the purpose. The repeaters used on the 
new cable are of the same type as those 
which will be supplied for CANTAT, 
the 1961 UK-Canada cable, the first 
link in the proposed round-the-world 
Commonwealth cable. Like the CANTAT 
are designed to 


system repeaters, they 
carry 60 telephone circuits of 4kc/s spac- 
ing. The system is expected to be in 
service in October of this year. 


The Council of the Royal Society has 
appointed Dr. D. T. Edmonds, of the 
Clarendon Laboratory, University of 
Oxford, to a Mackinnon’ Research 
Studentship from 1 October 1960 to 
enable him to carry out magnetic investi- 
gation below 1°K in large magnetic fields 
at the Clarendon Laboratory, Oxford. 


A new Society called ‘The Biological 
Engineering Society’ was inaugurated at 
a recent meeting held at the Royal 
College of Surgeons. The meeting was 
attended by doctors, physiologists, elec- 
tronic engineers, mechanical engineers 
and physicists from many parts of the 
country. The purpose of the Society is 
to bring together members of these 
different disciplines, from hospitals, re- 
search institutes and industry, to further 
the applications of engineering to biolo- 
gical and medical problems. Dr. R. 
Woolmer, Professor of Anaesthesia at 
the Royal College of Surgeons, was elec- 
ted first President. The Acting Secretary 
is Dr. A. Nightingale, Physics Labora- 
tory, St. Thomas’s Hospital, London, 
S.E.1, who will be glad to receive in- 
quiries about the new Society. 
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Over 2000 members and _ guests 
attended a Conversazione held at the 
Royal Festival Hall on 23 June, and 
were received by Sir Willis Jackson, 
F.R.S., president, and Lady Jackson, 
assisted by Sir Hamish D. MacLaren, 
K.B.E., C.B., D.F.C., president-elect, and 
Lady MacLaren and members of the 
Council of The Institution of Electrical 
Engineers. 


The incorporation of the Institute of 
Physics and The Physical Society into 
a new body to be known as * The Insti- 
tute of Physics and the Physical Society ’ 
has been announced. The first President 
of the amalgamated society is Sir John 
Cockcroft and the executive officers are: 
Secretary, Dr. H. R. Lang; Editor and 
Deputy Secretary, Dr. A. C. Stickland; 
Deputy Secretary, Mr. N. Clarke. The 
registered offices and headquarters are 
at 47 Belgrave Square, London, S.W.1, 
and for the present, offices will also be 
retained at | Lowther Gardens, South 
Kensington, London, S.W.7. 


Wing Commander A. R, Gilding has 
been appointed Assistant Technical 
Secretary of the Electronic Engineering 
Association, joining from the Air Minis- 
try, where latterly he was in charge of 
the branch responsible for airborne radio 
servicing policy and some aspects of new 
airborne equipments. Wing Commander 
Gilding specialized in communications 
and radar throughout his career in the 
R.A.F., which began in 1927. 


The Telegraph Condenser Company 
Ltd of the United Kingdom, and Sprague 
Electric Company of the U.S.A. an- 
nounce that they have come to an 
arrangement whereby TCC acquire the 
right to all Sprague United Kingdom 
patents and applications, together with 
the technical and engineering information 
necessary to exploit them. Sprague will 
make available to TCC all its present 
research and technical information and 
engineering knowledge and for the next 
21 years the two companies will exchange 
research, development and manufactur- 
ing knowledge, extending beyond the 
field of capacitors and embracing all the 
products of the two companies. 


The death was announced of Air 
Marshal Sir Raymund Hart, K.B.E., 
C.B., M.C., on 17 July at his home at 
Aston Rowant, Oxfordshire. Sir Ray- 
mund Hart, who was 61, was Controller 
of Engineering and Equipment at the 
Air Ministry until his appointment as 
Director of the Radio Industry Council 
in March 1959. He was one of the early 
pioneers of radar and during the war 
was responsible for the development of 
the operational use of radar on the 
ground and in the air. He was Chief 
Air Signals Officer, Allied Expeditionary 
Air Force, during the planning and 
operational stages of the allied invasion 
of Europe in 1944, 
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PUBLICATIONS 
RECEIVED 


BRITISH INSTRUMENTS, Second Edition, is 
published by the United Science Press Limited 
under the authority of the Scientific Instrument 
Manufacturers’ Association, SIMA House, 20 
Queen Anne Street, London W.1. This edition 
has expanded from a total of 615 to 635 pages 
The foreign glossaries in French, German and 
Spanish to assist overseas users appear again, 
and also the classified list of instruments and 
components, list of trade names, manufacturers’ 
reference sheets, description of the associations 
allied to the instrument industry, and an alpha- 
betical list of instrument and component manu- 
facturers with overseas agents. Price 45s. post 
free 


THE STORY OF A FAMILY FIRM, by M 
Bache, gives the history of the firm of Geo 
Salter & Co. Ltd of West Bromwich, England, 
since it was founded in 1760. Price 21s 


BASICS OF MISSILE GUIDANCE AND SPACE 
TECHNIQUES, by M. Hobbs, is Volume I of 
a series of books written to provide a compre- 
hensive basic course in missile guidance and 
related space systems in fundamental terms. They 
are directed to the educational needs created by 
the rapidly growing requirement for technical and 
semi-technical personnel to satisfy present and 
future missile and space vehicle programs, as 
well as to those wishing to learn more about this 
subject on an informal basis. John F. Rider Pub- 
lisher, Inc, New York. Chapman & Hall Ltd, 
London. Price 63s 


RECIPROCALS OF THE INTEGERS FROM 
1000 to 9999, by T. H. Redding, is a book con- 
taining tables listing the 10° multiples of these 
reciprocals; they are direct reading and the 
entries are correct to the nearest integer in the 
third place of decimals. Although suitable for 
general use, the tables have been prepared and 
arranged so that they are particularly suitable 
for use in conjunction with mechanical comput- 
ing machines of the ‘ barrel-setting ' type in the 
evaluation of quotients and compound fractions 
Equally, the tables find application in effecting 
the evaluation of quotients on adding and listing 
machines when these incorporate a mechanism 
for automatically evaluating simple products 
There is a 21-page Appendix which prefaces a 
discussion of the tables with a description of 
barrel-setting machines and their simplest method 
of operation in the evaluation of products, 
quotients and compound fractions. Taylor & 
Francis Limited, Red Lion Court, Fleet Street, 
London E.C.4. Price 18s. 6d. 


LC.T. 1301 DATA PROCESSING SYSTEM is 
a brochure issued by the Publicity Division, Inter- 
national Computers and Tabulators Limited, 
Gloucester House, 149 Park Lane, London W.1! 
This brochure has been divided up into three 
sections to cover different approaches to the 
system namely: (a) A layman’s guide to the com- 
puter, for the non-technical business executive 
(b) A semi-technical description of the computer's 
principal units and features, with details of the 
Lc services available to all who are interested 
in its use. (c) Complete detailed specification and 
order code, providing the sort of information 
demanded by the technical reader 


EARPHONE INSETS FOR GENERAL USE is 
an illustrated technical leaflet describing minia- 
ture magnetic earphones for use in hearing aids, 
listening units, lightweight headphones, telephone 
handsets and radiation detectors Amplivox 
Limited, Industrial Division, Beresford Avenue, 
Wembley, Middx 


PRECIOUS METAL CONTACTS is the title of 
a new catalogue issued by Engelhard Industries 
Ltd, Baker Platinum Division, 52 High Holborn, 
London W.C.1, which should be useful to 
designers and engineers in the electrical industry 
in selecting the most suitable precious metal 
alloy from the many which are currently avail- 
able. Details are given of the standard types of 
contacts and fabricated parts used in the elec- 
trical industry, together with technical data and 
properties of many precious metal alloys cur- 
rently available. Physicists, metallurgists, chemists 
and engineers of the Engelhard Organization are 
available for consultation on any problem con- 
nected with the application of the precious 
metals which include those of the platinum group 
as well as of gold and silver 
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LELIERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Common-Aerial Transmission and 
Reception at V.H.F. 


Dear Sir,—In the course of a design 
study for an h.f. ionosphere sounder, an 
application has occurred to us which has 
a close bearing on the topic of Mr. J. K. 
Grierson’s article on a common-aerial 
system for transmission and reception at 
v.h.f. (ELECTRONIC ENGINEERING, Septem- 
ber 1959). We propose to employ a trans- 
mission-line equivalent of the ring-hybrid 
duplexer’’, used in many microwave 
equipments and the layout is shown in 
Fig. 1. For operation around 25Mc/s, 
6002 open wire feeders will be used with 
an 8502 ring. 














' 
wor ans? 





RECEIVER 











Fig. 1. 


Transmission line equivalent of the ring- 
hybrid duplexer. 


When the ring is correctly balanced, 
power from the transmitter divides 
equally between the aerial and _ the 
dummy load; similarly, incoming power 
divides equally between receiver and 
transmitter. Ideally, no outgoing power 
should find its way to the receiver, but 
in practice, difficulties of balancing make 
it desirable to insert filters in the receiver 
path to improve isolation at the trans- 
mitted frequency. These may, however, 
be relatively simple in design, with quite 
low power-handling capacity. 

The obvious advantages of the arrange- 
ment are: 

(1) The simplicity and cheapness of 
construction of the outdoor instal- 
lation. 

(2) The lack of sophistication in filter 
requirements. 

Corresponding disadvantages are: 

(1) The device is of a narrow-band 
type, though it would be more than 
adequate to deal with Mr. Grier- 
son’s choice of a 2°5 per cent 
separation between the transmitted 
and received frequencies; 

(2) half the outgoing power is dissi- 
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pated in the dummy load, as com- 
pared with Mr. Grierson’s filter 
losses of 320 watts out of one 
kilowatt; 

(3) there is an apparent 3dB loss in 

received power as well. 

This third point is, however, less 
serious in some applications than would 
appear at first sight. The noise input to 
the receiver arises partly from the aerial 
and partly from the dummy load. If at 
v.h.f., the aerial noise temperature is very 
high (due to atmospheric noise), then the 
extra contribution from the dummy load 
is mot serious and can be neglected. 
Further, the aerial noise power, as well 
as the signal power, divides equally 
between the transmitter and _ receiver 
paths, so that the effective signal-to-noise 
ratio will not deteriorate by as much as 
3dB. This would definitely be so, for 
instance, in a communication link employ- 
ing forward-scatter or allied techniques. 
The question of whether a loss of 3dB 
signal power significantly affects the 
operation of the receiver is quite a 
different matter which depends primarily 
on receiver noise factor. 


Yours faithfully, 
A. J. Hyams Anp J, Lar, 


Royal Military College of Science, 
Shrivenham, Wilts. 
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Mains Frequency and Oscilloscope 
Time Markers 


DeaR Sir,—The accuracy of electric 
clocks based on the 50c/s mains fre- 
quency, when averaged over hours or 
days, is apt to give a false impression of 
the accuracy of the same mains frequency 
when used to measure time intervals of 
some small fraction of a second. We have 
been engaged for some years, in this 
department, on acoustical research using 
tape-recorded material which is then 
photographed, using moving film cameras 
and oscilloscopes. When devices, similar 
to those described recently’ were used 
to give precise time marking signals at 
intervals of O-Olsec or 0-O0lsec, varia- 
tions in the apparent frequencies of the 
same original recorded signals were noted 
in different oscillograms, although the 
speed of transport of the photographic 
film was constant throughout each photo- 
graph. 

The same effect was found when the 
time signal was obtained from a thermo- 
statically controlled tuning fork, giving 
lkc/s at 259°C. Of course we have here 
the additional complication that the fre- 
quency of the tape-recorded signal is 
dependent also upon the tape speed on 
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replay, but this, in turn, depends upon 
the mains frequency. The order of mag- 
nitude of the effect during the last three 
years is that the frequency of the same 
tape-recorded note taken originally from 
the Royal Festival Hall organ varied by 
about three vibrations at a mean fre- 
quency of 262c/s. Normally the Central 
Electricity Generating Board is able to 
keep the mains frequency constant at 
+02 per cent but on rare occasions 
during extremely rapid changes of load 
or during breakdown, the frequency may 
be as much as 2 per cent below normal, 
but the System Control Office has records 
of these changes. 

There is little danger in using the mains 
frequency as a time-marker to check the 
constancy of speed of movement of the 
photographic material in an oscilloscope 


. camera or to make relative time measure- 


ments on the resulting oscillogram. Errors 
may occur, however, in absolute measure- 
ment of time intervals on the same 
oscillogram. The anomaly would not 
have been noticed but for the extreme 
sensitivity of the ear to small changes of 
pitch. Some time ago, in preparing a 
composite recording for a broadcast talk, 
I found that each of eight disk recordings 
of the same composition, made on dif- 
ferent occasions, when replayed using the 
same synchronous motor, were recorded 
in slightly different keys. One older disk 
replayed a semitone below the correct 
(A = 440c/s) key. I understand that 
during important recordings the mains 
frequency is now always monitored, so 
that when the recording is made per- 
manent, by being transcribed from tape 
to disk, any error of timing can be 
corrected. Caution is therefore always 
necessary in using the mains frequency 
for time marking when high accuracy is 
needed. 
Yours faithfully, 


W. H. Georce, 


Department of Physics, 
Chelsea College of Science 
and Technology, 

London, S.W.3. 
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Unusual Characteristics of Silicon 
Transistors 


DeaR Sir,—Some special samples of 
silicon transistors made by the Philco 
etching and alloying process (supplied by 
Semiconductors Ltd) have been found to 
show a remarkably high current gain at 
very low collector currents. The follow- 
ing figures were obtained from one speci- 
men :- 


Base Collector 
Current 


(ua) 
1°9 


Base 
Current 


Collector 
Current Current 
(x 10°°a) = (wa) (x 10°) 
+1°09 00 1°01 
1°08 02 0°99 
1°07 03 0°97 
1°05 07 0°95 
1°03 13 0°93 
These figures are taken from a series of 
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measurements made on a transistor with 
a collector-base leakage of about 
2 x 10-*A. For all readings a collector 
voltage of —3V was used, Averaged over 
the collector current range 0-7 to 3-14A 
the current gain is over 20 000. At higher 
collector currents the gain falls, reaching 
a normal value at /, of 100#A. Out of 
60 samples, originally supplied for en- 
tirely different properties, 10 showed the 
same type of characteristics. 

One manifestation of the effect is a 
high ratio of Jeo’ to Jeo. This was the 
property first observed and led to the 
closer examination of the transistors. 
Similar transistors may be quickly 
separated from normal types using this 
as a test. 

It appears that the effect is due to there 
being a very small area within the tran- 
sistor and showing these high gain pro- 
perties. This could take place during either 
the etching or alloying process and be 
caused by defects in the original silicon 
crystal or the surface of the wafer. It is 
not yet known whether these properties 
can be obtained intentionally. If such 
devices could be produced commercially 
they would be particularly useful as input 
stages for direct-coupled amplifiers. Due 
to the low current level of operation, 
current drift would be low and input 
impedance high. 


Yours faithfully, 
R. B. D. KNIGHT, 
Dorking, Surrey 


Analogue Computer Techniques 

Dear Sir,—In his article in your Febru- 
ary issue (page 74), Mr. F. C. Harbert 
states that to determine whether the co- 
efficient matrix of a system of linear 
equations is positive definite or not, 
‘requires as much labour as solving the 
system ’. 

It may be of interest to recall that there 
exist sufficient conditions which may te 
tested by inspection. It was shown by 
Parodi' that the eigenvalues of an arbi- 
trary matrix A are necessarily confined to 
be in one at least of the set of n circles 


lau- P| <> ais| 
j=1 


j=1,2,...mj#i (Wd 
and also in another set 


Jas — | <Diau| 
i=l 


i=1,2,...m;ixj (2) 
p denoting here the complex variable. 
-For the case considered in the article, 
for which clearly all coefficients must be 
real, 


a> dla] i=1,2,..mix) ©) 
i 


or alternatively 
a> >lay| i= 1,2,...mii#i (4) 
i 


assure the positive definitiveness of A. 
Where a system matrix satisfies neither 
of these conditions, it may be worthwhile 
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to attempt to bring the matrix to a form 
satisfying them by permutation of rows 
and columns and if necessary change of 
sign of some rows.or columns. 

Mr. Harbert states further that the 4n 
amplifier system will * always yield stable 
solutions on an analogue computer’. 

While this may be true in most cases 
it has not yet been generally proved when 
the physical characteristics of the ampli- 
fiers are taken into account. It is only 
true that the matrix of the enlarged 
equivalent system is positive definite, but 
the conditions for stability must be 
further examined. 

The treatment will be limited to posi- 
tive coefficients, or, alternatively, the 
phase invertors will be supposed ideal. 

Several authors** have shown that in 
this case the solutions px of the set of 
equations 

n+1 

G(p) 
determine the nature of the transients and 
hence 


= —-r j = i Ee” (5) 


Re(px) > 0 (6) 
is necessary to assure stability. 

G(p) denotes here the amplification of 
the amplifier depending on the complex 
frequency p. The A, are the i eigenvalues 
of the system matrix. 

It may be shown‘ that the condition 
(6) can be expressed as 


+1 
Re (Ax) > 0 and | Ay] < oa (7) 
i 90 


or 
n+1 
| G,| 

where G,, and G, denote the amplifica- 
tion for 90° and 0° phase shift respec- 
tively. 

For positive definite matrices the first 
part of condition (7) is satisfied. If one 
supposes, for convenience, |@x| < 1 
(i, kK = 1,2...n), the second part of condi- 
tion (7) making use of condition (3) or 
(4) takes the form 


cea n+1 
n = i =~ wen — 
Gy, | 


Re (A,) > 0 and | A] < (8) 


(9) 
giving 
1G,,.| <1 (10) 

Thus under the assumptions made, if 
the amplifier has a phase margin larger 
than 90°, the set-up for a system having 
positive definite coefficient matrices will 
be stable. 

It may be noted that the stability con- 
ditions in this form involve no differen- 
tiation on the variables and thus the 
treatment includes cases where the vari- 
ables are represented by a.c. as well as 
d.c. voltages. 

A. Fucus, 


Scientific Department, 
Israel Ministry of Defence. 
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The Author Replies: 


Dear Sirk,—I thank Dr, Fuchs for his 
comments and information. It is true that 
the application of analytical tests for 
positive definiteness is not strictly diffi- 
cult. The results of tests are, however, 
difficult to apply in subsequent manipu- 
lation of the matrix. Much time and 
labour can be spent in attempting to 
bring the matrix to a stable form and in 
some cases this attempt may prove to be 
fruitless. It is for this reason that the 
second method of computer solution is 
recommended. 

My statement that the 4n amplifier 
system will ‘ always yield stable solutions 
on an analogue computer’ assumes a 
perfect computer. Instability in a practical 
system can arise from many causes; inter- 
coupling between amplifiers, imperfect 
computer components etc. In general their 
effect on computer solutions cannot 
readily be put in a mathematical form 
and the best a designer can do is to mini- 
mize their effects. I am grateful to Dr. 
Fuchs for drawing my attention to a test 
which allows one to check on one pos- 
sible source of instability. 


Yours faithfully, 
F,. HARBERT, 
Louis Newmark Ltd, 
New Addington, Surrey 


Regulated Power Supplies 


Dear Sir,—Professor Middlebrook’s 
letter (February, 1960) describes a simple 
and effective way of improving supply 
performance, but he does not mention a 
further advantage to be obtained. If a 
pentode replaces the triode series valve, 
then the screen may be returned to the 


Auxiliary 
voltage 








Regulated 


eek output 





Fig. 1. Use of a pentode valve. 
regulated auxiliary voltage (Fig. 1). The 
high a.c, resistance of the series pentode 
then gives more attenuation of supply 
voltage variation than will be obtained 
with a triode. 


Yours faithfully, 
PuiLip Took, 


Analytical & Control Instrument 
Division, 

Consolidated Electrodynamics 
Corporation, 

Pasadena, California. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


accessories and test instruments. 


(Voir page 523 pour la traduction en francais: Deutsche Ubersetzung Seite 528) 


‘ON-LINE’ ANALOGUE COMPUTER 


De Havilland Propellers Ltd, Hatfield Aerodrome, 
Hatfield, Hertfordshire 


(Illustrated below) 


It is claimed that ‘ANATROL’ repre- 
sents a new approach to the design of 
an on-line analogue computer system 
and provides for the first time an in- 
expensive, comprehensive and versatile 
computer with the stability and robust- 
ness vital to modern on-line process 
control. 

The computing accuracy of ANATROL 
is compatible with present-day measure- 
ment accuracies, allowing it to be easily 
and efficiently integrated into existing 
control schemes. 

Conventional analogue computers pro- 
vide solutions to process equations at 


speeds which are extremely fast when 
compared with process dynamics. This 
fact, coupled with the need to increase 
reliability and to reduce price consider- 
ably, led to the choice of the principles 
used. 

The minimum of computing amplifiers 
and multipliers are formed into an 
arithmetic unit. This unit is then used 
to provide a step by step solution of 
the equations, according to a preset 
program in which each step is selected 
sequentially by a switch system. Short 
stores are used to retain information on 
the result of a step in the solution, this 
data being used in a later stage of the 
computation. Long stores are used to 
clamp the outputs at the last computed 
figure while fresh values are being deter- 
mined. 

Up to a maximum of twenty-five steps 
is available, which gives the computer 
the potential of a machine employing at 
least seventy-five computing amplifiers 
and twenty-five multipliers. Semiconduc- 
tor techniques are used exclusively, with 
the exception of some electromechanical 
switching elements. The machine makes 
use of module construction, and different 
component-unit combinations may be 
used according to the problem. If neces- 
sary, an additional input/output unit is 
available, containing transducers or 
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amplifiers to match the computer accur- 
ately to the measuring and control 
equipment in the plant. 

The computer has a built-in self- 
checking facility and for errors greater 
than 1 per cent an alarm is given and 
the computer can be automatically 
isolated from the process. 

EE 24751 for further details 


VIBRATION LIMIT CONTROLLER 


Dawe Instruments Ltd, 99 Uxbridge Road, 
London W.5 


(Illustrated below) 


type 1434 vibration limit 
controller has been introduced to 
measure, monitor and record vibration 
in machines and structures. Large rotat- 
ing machinery, including both hydro- 
and turbo-electric plant, as well as 
heavily loaded bridges and dams can be 
automatically monitored for excessive 
vibration by comparing the _ signal 
derived from a pick-up continuously 
with a pre-set bias voltage. A trip valve 
with a heavy-duty relay in the anode 
circuit is triggered if the signal rises 
above the pre-determined level. The 
relay then shuts down the machine or 
operates an alarm. 

The vibration pick-up is of robust 
moving-coil design and is hermetically 
sealed to maintain accuracy under con- 
ditions of high temperature and 
humidity. Twin screened leads up to 
200ft long enable the controller to be 
placed at a safe distance from pick-ups 
mounted on machines in dangerous or 
inaccessible locations. Over the fre- 
quency range from 20 to 400c/s (1 200 
to 24000rev/min) the pick-up provides 
an output voltage proportional to the 
velocity of vibration of the surface 
with which it is in contact. A signal 
representing displacement is obtained 
by applying the output voltage to an 
integrating network followed by ampli- 
fication and rectification. The resultant 
d.c. signal is used to operate a meter 
calibrated in peak values of displacement 
for a simple harmonic motion applied 
to the pick-up. This meter reading of 
average vibration level can be recorded 
by plugging in a standard recording 
d.c. milliammeter. 


The 


A sensitivity control provides four 
ranges: 0 to 0-00lin, 0 to 0-003in, 0 to 
0:010in and 0 to 0-030in (British units); 
or 0 to 0:03mm, 0 to 0-Imm, 0 to 0-3mm 
and 0 to 10mm (metric units). The con- 
troller can be set to trip at any vibration 
level between 20 and 100 per cent of the 
full-scale deflexion of the meter on any 
range. 

EE 24752 for further details 


FREQUENCY ANALYSER 


Laboratoire Electro-Acoustique, 5, 
Parent, Rueil (Seine-et-Oise), 


(Illustrated below) 


roe Jules- 
France 


This instrument has been designed for 
the analysis of components of a fre- 
quency spectrum with a_ fundamental 
frequency of 50c/s. 


Analysis is carried out as follows: 

A variable frequency, produced by a 
precision generator which is incorporated 
in the analyser, is superimposed on the 
spectrum which is to be analysed. After 
detection the signal is fed to a selective 
amplifier (with a eter) which only 
allows a narrow band to pass. When- 
ever the difference between the variable 
frequency and the component of a 
spectrum gives a frequency in the pass- 
band, a deflexion of the instrument, pro- 
portional to the component’s amplitude, 
will be obtained. 

The F.A.H. 17 analyser allows the 
examination of components, one after 
another, as well as that of a single com- 
ponent in relation to time. 

As the 50c/s fundamental frequency 
may not be absolutely stable, it is neces- 
sary to have a pass-band of a certain 
width, so that the various components 
may be tuned. Indeed, should tuning be 
too sharp, then frequency variations, 
even very limited, would cause varia- 
tions in the instrument’s reading, without 
there being, in fact, a variation in the 
component's voltage. 

In addition, it is essential that the 
instrument’s selectivity, apart from the 
above pass-band, should be sufficiently 
high to prevent the measurement of a 
component under examination from 
being influenced by neighbouring com- 
ponents on either side of the former. 
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The frequency range is 100c/s to 2kc/s 
and the attenuation 25dB at +50c/s from 
the middle of the pass-band. An output 
is provided for operating a pen recorder. 


EE 24753 for further details 


MINIATURE POTENTIOMETERS 


Miniature Electronic Components Lid, The Lye. 
St. Johns, Woking, Surrey 


(Illustrated above) 


M.E.C. Ltd are producing under 
licence from Con-Elco of California a 
range of miniature trimmer potentio- 
meters available in the three standard 
configurations illustrated. 

The temperature range is —55°C to 
+180°C, power rating 2}W, de-rating 
to 4W at 150°C. The resistance range 
is 102 to SO0k2. These units have been 
specially designed and developed for 
the guided weapons and missile indus- 
tries, where stringent environmental 
conditions exist and extreme reliability 
is all-important. 

EE 24754 for further details 


A.F. POWER METER 


Amos of Sate Ltd, Weircliffe Court, Exwick, 


exeter, Devonshire 


(Illustrated below) 


The design of the model 157 follows 
closely upon that of other WEIR- 
CLIFFE a.f. power meters utilizing a 
44in moving-coil movement scaled 0 to 





10mW and —20dB to +10dB. All load 
resistors, non-inductively wire-wound 
and rated for continuous full load con- 
ditions, are trimmed to an accuracy of 
0-1 per cent and provision is made for 
an independent variable adjustment to 
compensate for the individual variation 
in meter movements. 

Input impedance matching is by a ‘C’ 
core transformer of generous propor- 
tions having a ‘004in strip core to 
ensure linear frequency response. A 
centre-tap is provided so that a fully 
balanced input is available at all impe- 
dances and the insulation is such that 
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the instrument may be directly con- 
nected into a valve circuit to determine 
the optimum load conditions. The two 
basic impedance controls select values 
from 12 to 102 in 0-52 steps while a 
multiplier provides factors of x1, x2, 
x5, x10, x20, x50, «100, x200, 
x«500 and x1000 permitting rapid 
selection of any impedance from 12 to 
10k22, 

A five position switch, directly calli- 
brated, selects ranges of 10mW, 100mW, 
1W, 10W and S50W f.s.d., the lowest 
useful reading on each range being one 
tenth of full scale. 

EE 24755 for further details 


TWELVE CHANNEL RECORDER 
AB Elektrisk Malmiletning, Danderydsgaton 11, 
Stockholm 
(Illustrated below) 


The ABEM series of direct-writing 
pen recorders are precision instruments 
for direct registration of between one to 
twelve low-speed events; these events 
may be fed into the centre-tapped 


moving coil galvanometers as either a.c. 
or d.c. signals. The direct recording is 
obtained by using heated pens and wax 
covered lined paper. As the paper passes 
under the pens, the wax surface in con- 
tact with them is melted and the bright 
red paper base becomes visible giving a 
high contrast trace. Two event markers 
are provided and may be used to record 
time or identification marks. 

By interchanging gear wheels any 
three complementary speeds may be 
obtained within the range of Imm/min 
to 10cm/sec. There is a choice of 
galvanometers with internal resistances 
of 17502, 4302, 1002, 282 with sensi- 
tivities of 25mm/imA, 25mm/2mA, 
25mm/4mA and 25mm/8mA respectively. 
The recording paper is in rolls 90m 
long and is 383mm wide. Pens have a 
maximum deflexion of 25mm on either 
side of a central zero reference. 

EE 24756 for further details 


REFLEX KLYSTRON OSCILLATOR 
English Electric Valve Co. Ltd, Chelmsford, 
Essex 


(lllustrated above right) 

The K361 low voltage reflex klystron 
is designed specifically for use in 
doppler speed measuring systems where 
reliable performance with minimum 
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4 
routine attention are primary 
ments. 

Typical applications include an equip- 
ment produced by the Westinghouse 
Brake and Signal Company for auto- 
matically controlling the speed of loose- 
shunted rolling stock in railway marshal- 
ling yards, and in Police ‘radar’ doppler 
speed measuring systems. Mechanical 
tuning of this klystron is effected, over 
the frequency range of 10700 to 10725 
Mc/s, by a single screw tuner intruding 
into the cavity. 

The K361 has a minimum output 
power of 20mW and is fitted with a 
coupler type UG-40 A/U (Z830051) for 
connecting to No. 16 waveguide. 

The heater power required is 63V 
at 0°6A and typical operating conditions 
include a resonator voltage of 300V, 
resonator current of 25mA and a 
reflector voltage of —200V. 


EE 24757 for further details 


require- 


STABILIZED POWER SUPPLIES 
Electronics Ltd, 132-135 Sloane 
Street, London S.W.1 
(Illustrated below) 


These units are fully transistorized 
and are built on a 16 s.w.g. zinc plated 
steel chassis and provision is made for 
mounting to a panel or base plate. Any 
two units can be mounted side by side 
on a standard 19in rack panel. 

The units in the present production 
range cover currents of 100mA, 200mA, 
350mA and 500mV at standard voltages 
of 200V, 250V and 300V. In addition, 
all units have two 6°3V 5A heater wind- 
ings, one of which is centre-tapped. 


International 


. 
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Full protection of the units is afforded 
by mains and output fuses. 

The output impedance at 500kc/s is less 
than 0°52, the r.m.s. ripple less than 
ImV and the stability factor 400:1. 

The first of a range of transistorized 
low voltage power supply units is also 
available. This unit will provide a 
current of 2A at any voltage between 
SV and S50V and employs a switching 
technique to avoid the use of a large 
number of transistors in parallel. Units 
providing 5A and 10A will be added to 
the range in the near future. 

EE 24758 for further details 


RECTILINEAR POTENTIOMETER 


General Controls Lid, 13-15 Bowlers Croft, 
Heonywood Road, Basildon, Essex 


(Illustrated below) 

This precision rectilinear potentio- 
meter with balanced suspension wipers 
has been introduced to overcome the 
problem of wiper separation from the 
resistance element, under extreme en- 
vironmental conditions of shock and 
vibration. The unit has a ‘U’ shaped 


wiper member which is held in a 
pressure equilibrium between the com- 
mutator rod and resistive element. Any 
external forces which tend to alter the 
wiper contact pressures against the 
resistive element causes an equal and 
opposite reaction at the commutator 
side of the ‘U’ shaped wiper, thereby 
ensuring that constant wiper arm pres- 
sure is maintained. Such a system holds 
contact noise and pick-off signal discon- 
tinuity to a minimum and prevents 
damaging wiper pressure against the 
resistive element. 

The maximum number of tappings, 
including end connexions, is five and the 
resistance range 1002 to 10k2. 


EE 24759 for further details 


AUTOMATIC M.F. DIRECTION 
Wireless Telegraph Co. Ltd, 
Cheimsford, Essex 
(Illustrated above right) 


The Type ND.103 direction finder 
embodies the Bellini-Tosi fixed-loops 
system, and the rotatable element is an 
automatically adjusted goniometer coil, 
operating on the null-signal method. 

A sensitive receiver and radio gonio- 
meter are housed in a single compact 
unit, suitable for bench mounting. 
Although designed primarily to function 
automatically, manual controls are also 
fitted, under a hinged plate, the essential 
controls for automatic use of the unit 
being readily accessible and conveniently 
situated. 
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The front panel, sloped for easy 
reading, carries to the left the tuning 
scale, and to the right the bearing 
indication scale, while between the 
scales is the tuning meter. 

The equipment is suitable for fitting 
with all leading makes of gyroscopic 
repeaters, thereby obviating the necessity 
of plotting ship’s head, and has been 
designed to comply with British General 
Post Office specifications for direction 
finding equipment for ships in all 
respects. 

The accuracy of bearings on ‘auto- 
matic’ is better than +1 per cent and 
an internal crystal calibrator is incorp- 
orated for scale checking. 

Provision is made for immediate 
switching from ‘auto’ to ‘manual’, 
enabling bearings to be taken of weak 
signals in the presence of stronger 
signals, a situation that might arise when 
dealing with a distress call. 

The output of the receiver is taken to 
a loudspeaker, but headphone jacks are 
also provided. 

EE 24760 for further details 


HIGH TEMPERATURE P.V.C. 
SLEEVING 
Permanoid Ltd, New Islington, Manchester, 4 

For high temperature applications or 
processing Permanoid have introduced 
a new p.v.c. sleeving with viscose silk 
internal reinforcement, it is manu- 
factured to Type 1, Class’ 105T, 
B.S.2848 : 1957. 

Permanoid v.s. sleeving combines the 
advantages of an integral textile core 
and p.v.c. sheath without any of the dis- 
advantages. Viscose silk internal rein- 
forcement affords flexibility in use and 
eliminates shrinkage risk in baking. A 
plasticized p.v.c. outer coating provides 
increased density resulting in improved 
resistance to impregnation oils or 
varnishes effectively reducing the possi- 
bility of mechanical breakdown during 
processing. It has good ageing proper- 
ties, is impervious to tropical mould, 
etc, and is suitable for continuous 
operating temperatures up to 105°C. 

It is available in eleven colours (in- 
cluding black and white) in bore 
diameters from 05mm to 50mm. 

When tested in accordance with B.S. 
2848, the insulation resistance is not less 
than 1000M2 and the breakdown 
voltage 3kV. 

EE 24761 for further details 
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R.F. BRIDGE 
Hatfield Instruments Ltd, Crawley Roaa, 
Horsham, Sussex 


(Illustrated below) 


The LE300 r.f. bridge provides, in 
five ranges, direct calibration of resist- 
ance from 102 to 10M2, capacitance 
from 0 to 0-025uF (lowest range 0 to 
2:5pF), conductance from 0 to 100mmhos 
(lowest f.s.d. 0Olmmbhos), inductance 
from 044H to 100mH and reactance 
from 422 to IM&. All measurements may 
be made over the frequency range of 
1Skc/s to 15Mc/s, the resistance, capaci- 
tance and conductance ranges being 
independent of frequency and _ the 
inductance and reactance calibrations 
applying where »=10’. 

The sloping front panel carries two 
calibrated dials, the two range switches, 
the zero set controls and two coaxial 
sockets for the source and detector. The 
top platform carries six sockets com- 
prising, earth, neutral, common and three 
ranges, for connexion of the apparatus 
or component under test. 


2 Oko ARR one ean a nd 


Plug-in spring loaded terminals are 
provided which permit easy connexion. 
The plug-in feature is very useful in that 
it permits rapid interchange of jigs for 
production testing. Furthermore, the 
transistor adaptors available as an 
accessory can also be directly plugged 
in 


The bridge may be used with any 


suitable source or detector. However, 
where it is convenient to work at a 
fixed frequency, the source and detector 
assembly type LE.302, having »=10’, 
has been specially developed for use 
with the bridge, thus enabling it to be 
directly calibrated in inductance. Where 
this unit is fitted the detector takes the 
form of a  milliammeter which is 
mounted between the two dials as 
illustrated. 


EE 24 762 for further details 


TRANSISTOR TEST SET 


Microcell Ltd, Blackwater Industrial Estate, 
Camberley, Surrey 


(Illustrated above right) 


This test set is designed to measure to 
a high degree of accuracy the para- 
meters of pnp‘ and npn transistors. The 
instrument incorporates several features 
which will commend it to the circuit 
designer who requires more accurate 
information about individual transistors 
than the manufacturers normally supply. 
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It is particularly suitable for the selec- 
tion of matched sets of transistors. 
Parameters which can be measured 
are amplification factor, cut-off fre- 
quency, collector leakage, and collector 
turnover voltage of transistors (grounded 
emitter configuration) and turnover 
voltage and leakage current of diodes. 
Features of the instrument are the use 
of a differential input, wide-band valve- 
voltmeter as an amplification factor 
indicator and a wide-band oscillator as 
a signal source. The valve-voltmeter 
form of indicator effectively nullifies 
errors due to _ spurious’ voltages 
developed across the ratio networks. 
The response of this valve-voltmeter is 
within about 1dB from Ikc/s to 10Mc/s. 
The oscillator covers the range Ikc/s to 
10Mc/s; it produces a_ stable output 
within +0 —IdB over this range. A 
bridge type control circuit ensures that 
output variation, with changes in 
ambient temperature is minimized. 
Collector supplies—2 to 10V at 3A 
and 0 to 10V and 0 to 100V at 30mA— 
are fully stabilized as is the 220V, 
200mA supply for the oscillator and 
valve-voltmeter 
Collector voltage and collector current 
are monitored on edge-type meters 
stacked one above the other so that 
both may be watched simultaneously. 
All meters are fully protected against 
overload. Provision is made for external 
monitoring of the base current. 


EE 24763 for further details 


POTENTIOMETER RECORDER 


W. H. Joens & Co. GmbH, Martinstrasse 55, 
Diisseldorf 


(Illustrated below) 
This continuous-line recorder is housed 
in a case measuring Sjinx Sin and 
has a recording width of 4in. The 
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instrument is fully transistorized and in 
the interests of reliability and ease of 
maintenance electrolytic capacitors are 
not used and a fully temperature-com- 
pensated semiconductor constant voltage 
source is used instead of a standard cell 
The lowest measuring range is 5mV 
or 104A d.c., and the speed of response 
Isec f.s.d. The standard design includes 
changeover gears for eight chart speeds 
between 10 and | 200mm/h and a voltage 
selector for six different voltages 
between 24 and 250V. A second slide 
wire and an adjustable set point 
potentiometer are incorporated to form 
an output bridge circuit for the repre- 

sentation of the set point deviation. 
Various encapsulated plug-in units 
for the input circuit and the amplifier 
are available, according to requirements. 
EE 24 764 for further details 


MACHINE TOOL 
CONTROL EQUIPMENT 
The General Electric Co. Ltd, Magnet Hoase, 
kingsway, London ey | 

A new range of machine tool position 
and sequence control equipments is now 
available from the Electronics Division 
of The General Electric Company Ltd. 

Both systems make use of a series of 
‘logic boards’ and use transistorized 
printed circuits and cold-cathode valves. 
They are considerably smaller than con- 
ventional equipments, and the virtual 
elimination of electromechanical control 
gear reduces maintenance to a nominal 
routine electrical check. 

The position sensing is by rotary 
digitizers which provide digital signal 
outputs representing the position of the 
work-table in two directions, and control 
the lead screw driving motors, Two- 
speed control is provided; a high rate 
of 90in/min for ‘quick traverse and a 
low speed up to 12in/min for homing 
on to the required position with a final 
accuracy of +0-000Sin. This equipment 
is already successfully in use on the 
Newall 2436 Jig Borer. 

Sequence control equipment provides 
both timing and triggering facilities for 
a multiple number of simultaneous and 
successive operations. 

Installations to date include a vertical 
broaching machine and a medium sized 
injection moulding machine. 


EE 24765 for further details 


FIELD PLOTTER 
Controls Ltd, 
(Illustrated above right) 


Servome x Crowborough, Sussex 


This new resistance analogue is really 
a two-dimensional version of the elec- 
trolytic tank and by means of the plotter 
the operator can draw a map of poten- 
tial and flow lines conveniently and with 
no particular skill. 

In use, the operator considers his 
problem and converts the quantities to 
electric field terms. Conducting elec- 
trodes are painted in silver paint in any 
desired shape on a plane of Teledeltos 
paper. The electrodes are connected to 
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the FP.92 and ratio readings set on an 
accurately calibrated potentiometer. The 
ratio potentiometer tap connects with 
the probe through a galvanometer which 
indicates balance. The operator searches 
the field for balance which is marked 
with the pencil point on the probe. In a 
very few minutes sufficient equipotential 
lines can be plotted to give a graphic 
and accurate solution to the problem. 
Results are generally accurate to 5 per 
cent and can be closer with special 
effort 

EE 24766 for further details 


ULTRASONIC CLEANING UNITS 


Warton Road, Strat- 


Kerry's (Ultrasonics) Ltd, 
ford, London E.15 


(Illustrated above) 


This ‘Junior’ range of ultrasonic 
cleaning units is suitable for cleaning 
small components such as ball bearing 
and ball race parts, instrument move- 
ments and parts, jewels, watch, clock 
and chronometer parts, thermionic and 
hydraulic valve components, germanium 
and silicon transistor and rectifier com- 
ponents, jewellery in manufacture, optical 
assemblies including lens frames, lenses, 
etc. 

In addition to these components and 
many others the ‘Junior’ range of ultra- 
sonic cleaners is suitable for use as a 
laboratory tool for evaluation work into 
ultrasonic techniques. 

The units operate at a frequency of 
40kc/s with the transducers mounted into 
the base of a round stainless steel con- 
tainer. The treatment container is 
mounted on a skirt or plinth designed 
to enable the unit to either stand on the 
bench or be positioned into a con- 
ventional type watch cleaning machine 
to form part of a normal cleaning 
sequence or cycle including rough wash, 
rinse and dry. 

EE 24 767 for further details 
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BOOK REVIEWS 


Modern Network Analysis 


Seely. 373 pp. 300 Figs. 
Led, 


By F. M. Reza & S. 
m 8vo. McGraw-Hill Publishing Co. 

New York. London. 1959. Price 77s. 64 

NTIL the recent publication of 

Seshu and Balabanian’s Linear Net- 
work Analysis, there had been an urgent 
need for a comprehensive exposition of 
modern network theory. Professor Reza 
of Syracuse University and Professor 
Seely of the Case Institute of Technology 
have made a further contribution to this 
need in their new book Modern Net- 
work Analysis. 

The took is presented in three parts 
bound in one volume. Part 1 deals with 
the fundamentals of network analysis, 
Part 2 with two-port theory, and Part 3 
is devoted to transient response and 
system functions. Part 1 contains five 
chapters, the first of which introduces the 
postulates of electric network theory. 
Because a large class of forcing functions 
encountered in network studies are e-type 
functions for which the methods of the 
Laplace transform are superfluous, the 
authors develop the s-plane representa- 
tion of network behaviour with the aid 
of Campbell’s cisoidal function. This is 
the topic of Chapter 2. The Laplace inte- 
gral is not considered until later in the 
book. The remaining three chapters of 
Part 1 are concerned respectively with 
matrix algebra, network topology, and 
the general matrix theory of linear net- 
works. The treatment of these subjects is 
particularly good. 

Sufficient linear graph topology is 
covered in the text to enable the reader 
to set up the equilibrium equation of a 
given network in the most efficient way 
and an appendix is added at the end of 
the book in which the more sophisticated 
aspects of algebraic topology are pre- 
sented. The terms employed in network 
topology, such as node, branch, linear 
graph, tree, tree-complement, cut-set, and 
tie-set are defined and the incidence 
matrix representation of linear graphs is 
discussed in detail. Topological duality 
is also considered. The essence of duality 
in network topology consists in the 
duality between cut-set and tie-set but 
these terms are defined in such a way that 
this duality is not evident. If a cut-set is 
defined as any set of branches in a linear 
graph which forms a single open parallel 
system when all branches not in the set 
are contracted, then the definition of a 
tie-set follows at once as any set of 
branches which forms a single closed 
series system when all branches not in 
the set are removed. 

In the discussion of duality, the authors 
give a set of topological rules for finding 
the dual of afi oriented planar linear 
graph. If these rules are applied to the 
dual thus obtained, the result is the 
original linear graph with all branch 
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orientations reversed. This is surely in- 
compatible with the concept of duality. 
As this reviewer has suggested elsewhere, 
since a planar linear graph is mappable 
on a simply-connected surface without 
the crossing of branches and since such 
a surface is two-sided, it seems reason- 
able to regard these two sides as duals. 
If the rules are applied to the graph as 
seen from the other side of the surface, 
a subsequent application of the rules 
yields the original graph properly 
oriented. It is significant that the two 
Kuratowski graphs, for which no duals 
exist, have to be mapped on a doubly- 
connected surface to avoid the crossing 
of branches and such a surface is one- 
sided! 

Part 2 contains three chapters in which 
the six two-port matrices are derived and 
their use in the study of interconnected 
two-ports explained. Also considered are 
the two-port image parameters, conven- 
tional filter theory, and distributed-para- 
meter two-ports. Part 3 contains five 
chapters and is devoted to a study of 
initially relaxed networks in the transient 
state. A form of Heaviside’s second ex- 
pansion theorem is derived and network 
stability is discussed. The basis of the 
treatment up to this point in the book 
is the cisoidal function but in the 
eleventh chapter the singularity functions 
are introduced and their use in the 
specification of discontinuous forcing 
functions is explained. In the following 
chapter the Laplace transform method 
of solving network integro-differential 
equations is briefly reviewed and related 
to the earlier parts of the book. The 
penultimate chapter deals with the 
natural modes of a linear network and 
the book concludes with a chapter on 
the analytical properties of physically 
realizable network functions. 

Associated with each chapter are many 
examples showing how the various 
methods of analysis are applied and a 
wide variety of problems to be solved by 
the reader. The book does not take the 
subject quite so far as that of Seshu and 
Balabanian but it can be thoroughly 
recommended to any student wishing to 
acquire the necessary background to keep 
abreast of current developments in net- 
work theory. 

S. R. Dearps 


The Cathode Ray Tube and its 
Applications 
By G. Parr & ©. H. Davie. 433 pp. 357 Figs. 
Demy 8vo. 3rd Edition. Chapman M4 Hall Ltd. 
1959. Price 50s. 
HE authors intended this revised 
edition to be a guide to the opera- 
tion and uses of the cathode-ray tube in 
oscillography, and in this they have suc- 
ceeded. The book has been split into 
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approximately two halves one discussing 
the circuits associated with the c.r.t., 
which is well described, the other half 
discussing the applications of the c.r.t. 
However, so many applications have been 
mentioned that a number of the in- 
dividual descriptions are of necessity very 
sketchy. The general style and presenta- 
tion of the subject matter makes this a 
very readable book, the whole volume is 
well indexed, the paper of good quality 
and the circuit diagrams are clear and 
well defined. Each chapter is complete in 
itself and discusses first the general prin- 
ciples involved and then some practical 
solutions, followed by a very comprehen- 
sive bibliography. 

The book appears to be primarily in- 
tended for the worker in an industrial 
applications laboratory. It is also of 
interest to the oscillograph designer as a 
guide to the variety of uses the instrument 
is asked to meet. The vast number of 
references also makes it useful for the 
serious student. 

The first two chapters deal with the 
evolution of the cathode-ray tube to the 
present day, and describe the construction 
and performance of current, including 
p.d.a. types, of c.r.t. They also discuss in 
a general way the distortions commonly 
encountered. Then follow four chapters 
on circuits associated with the c.r.t., 
power supplies, amplifiers, linear time 
bases and other time bases. In each 
chapter the basic principles are en- 
countered and individual circuits des- 
cribed. These circuit descriptions are 
very comprehensive but each one has 
tended to be treated in isolation. It would 
have been helpful to describe a complete 
amplifier and time base at the end of 
each relevant chapter. A useful chapter 
on auxiliary circuits describes some 
methods of calibrating the oscilloscope 
to measure time and voltage correctly. 
Also the basic design features of some 
fast rise time pulse generators are well 
described. Then follows a chapter on fre- 
quency boxes, which appears to cover all 
the current methods of swept fre- 
quency response curve plotting. The rest 
of the book, approximately half the total, 
is devoted to applications, and these cover 
a very wide range. A detailed chapter on 
photographic recording gives some very 
good practical advice and includes a 
short description of processing tech- 
niques. A description of a variety of 
transducers follows, which is too brief 
and warrants rather more detailed in- 
formation on how they are used in prac- 
tice. Three chapters on mechanical, elec- 
trical and radio engineering applications 
follow, which are very well described. 
The applications vary from the measure- 
ments of torque to a schematic diagram 
of an automatic valve tester. A chapter 
on television measurements briefly men- 
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tions some current testing techniques but 
is too compressed to do any justice to 
such a vast subject, although the 35 
references are very useful. Again a chap- 
ter on general and nuclear physics does 
no more than scratch the surface, al- 
though the applications chosen are of 
great interest to the non-specialist. The 
last chapter on miscellaneous, including 
electro-medical, applications, describes 
the part played by the cathode-ray tube 
in some large scale systems. 
L. D. Kreps 


Electron Physics 


Klemperer. 220 pp. 80 Figs. Demy 8vo. 
New York. Butterworths 
1959. 


By O. 

Academic Press Inc., 

Scientific Publications, London. 
32s. 6d. 


N this treatment of the basic physics 

of the free electron, the following 
topics are discussed: electron motion in 
vacuum, including space charge effects, 
and the production and detection of 
cathode rays: the charge and mass of the 
electron, and the relativistic change of 
the latter: the wave nature of the elec- 
tron, and electron spin and magnetic 
moment. M.K.S. units are used, and the 
standard of presentation is high. 

The book is intended primarily for 
undergraduates, and is to be welcomed 
because it cuts across the outdated aca- 
demic boundaries which divide physics 
as it is usually taught. Because the 
treatment is so successful, the book will 
appeal to a much wider readership, for 
few will not discover something new in 
it, or fail to be stimulated by the juxta- 
position of even the most familiar ideas. 
For the electronic engineer here is a 
valuable refresher course in fundamen- 
tals, at a time when few electronic pro- 
cesses are not being developed into de- 
vices of potential practical usefulness. 

Particularly refreshing is the brevity of 
the book, stemming as it does from con- 
cise argument and economy of words. 
Unfortunately the rigorous compression 
necessary has led to some distortion on 
emphasis. Valuable though the discus- 
sion of the measurement of e and e/m 
may be, it inevitably occupies a dispro- 
portionate amount of space in a book of 
this length, compared with the more im- 
portant matters of relativistic effect or 
the wave properties of the electron. In 
particular one wishes that the latter topic 
could have been expanded to set the 
reader on the threshold of gaseous and 
solid state electronics, yet this remains 
a minor blemish on a valuable book. 


G. F. ALFREY 


Price 


Analytical Transients 


By T. C. G. Wagner. 202 pp. 105 Figs. Medium 
8vo. John Wiley & Sons Inc., New York. 
Chapman & Hall Lea, London. 1959. Price 70s. 


HIS slim volume is addressed to the 

reader who has previously studied 
the elements of network analysis, the 
differential and integral calculus, and 
linear algebra, but who may not have 
encountered Fourier series and the Lap- 
lace transformation. The purpose of the 
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book is to provide the more advanced 
mathematical knowledge necessary for 
a fuller understanding of linear network 
behaviour. 

The book contains seven chapters and 
begins with an introduction to the Lap- 
lace integral and Heaviside’s second ex- 
pansion theorem. This is followed by a 
description of the various methods of 
setting up the equilibrium equations of 
a given network of linear electrical or 
mechanical elements. The topics dis- 
cussed include linear graph _ theory, 
Kirchhoff’s laws, d’Alembert’s principle, 
and Lagrange’s equations. The influence 
of discontinuities in the forcing function 
upon the response of a system is con- 
sidered next. Several pages are devoted 
to a method of determining the response 
and its derivatives immediately after a 
discontinuity in the forcing function; 
the method is illustrated with several 
examples. Fourier analysis is then intro- 
duced. Among the subjects discussed in 
this connexion are Parseval’s theorem, 
convergence, the Fourier integral and its 
relation to the Laplace integral, periodic 
and non-periodic functions, and Gibbs’ 
phenomenon. The stability theorems of 
Sturm, Cauchy, Nyquist, and Routh are 
the topics of the fifth chapter and the last 
two chapters are concerned with the 
Laplace transformation and complex 
variable theory. 

As stated in the preface, incomplete 
logical arguments and holes in mathe- 
matical proofs have been avoided. The 
chapter dealing with the effect upon the 
response function of discontinuous 
forcing functions contains some new 
material. The author holds that the 
definitions of the network elements and 
Kirchhoff’s laws are of themselves suffi- 
cient to determine the response of any 
network to a transient and that the con- 
cepts of conservation of flux-linkage and 
charge are dependent upon the time 
invariance of the network equations. 

This is a book for the serious student. 


S. R. Dearps 


Electronic Computers—Principles 
and Applications 
By T. E. Ivall. 263 pp. 56 Figs. Demy &vo. 
2ad Edition. Miffe & Sons Ltd. 1960. Price 25s. 
VELOPMENTS since the first 
edition was published in 1956 have 
been so rapid that the present volume 
has had to be almost entirely rewritten, 
most of the existing diagrams replaced 
by mew ones, and pictures of more 
modern electronic computer equipment 
introduced. Three new chapters have 
also been added, dealing respectively 
with analogue computer circuits, the 
programming of digital computers and 
the evolution of the more ‘intelligent’ 
machines of the future. 

The fundamental approach to the sub- 
ject has, however, remained unchanged 
and as before the book is intended as a 
non-mathematical introduction to the 
principles and applications of computers 
employing valves, transistors, and other 
electronic devices; it has been designed 
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to appeal to technicians, engineers and 
students who have some knowledge of 
electronic or electrical engineering, but 
some chapters are also suitable for the 
interested layman. 


The Technical Writer 


By J. W. Godfrey and G. Parr. 333 pp. 106 Figs. 
Demy 8vo. 2nd Edition. Chapman & Hall Led. 
London. 1960. Price 45s. 


Few editors would dispute the general 
statement that the standard of composi- 
tion and basic preparation of the 
majority of manuscripts they receive is 
appallingly low. This book is splendidly 
written, it is most comprehensive and 
no author could fail to benefit from its 
teachings. It is to be feared, however, 
that its length and price will tend to 
keep it from the eyes of the casual 
author and one would need to be an 
optimist indeed to hope that it will help 
directly to raise the present standards. 

This is a comprehensive text-book 
designed to give the technical writer a 
broad insight not only into the basic 
principles of good writing but also into 
the whole technique of presentation and 
production. Let it be hoped that means 
will be found to distil at least some of 
its teachings into the minds of all poten- 
tial authors. The standard of their 
manuscripts would be greatly raised and 
the task of editors proportionately 
eased 

G. R. M. Garratt 
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Proceedings of the Second 

International Conference 
Paris 1959 


Medical 
Electronics 


Edited by C. N. Smyth, M.A., B.Sc. 
ENG., B.CH., M.1LE.E., and published 
for the International Federation for 
Medical Electronics 


The growing importance of medical 
electronics was first recognized on a world 
scale when the First International Con- 
ference was held in Paris in 1958. This was 
an exploratory meeting, which led to the 
organization of the full-scale Second 
International Conference on Medical Elec- 
tronics, held at the UNESCO building in 
Paris in 1959. This book is a record of the 
proceedings. 


145s net (by post 147s.) 614 pp. 
400 illustrations from leading booksellers 


Published by Iliffe & Sons Limited, 
Dorset House, Stamford Street, 
London, S.E.1. 





Elements of Radio Engineering 


By H. L. F. Peel. rer fine 158 Bn Crown 8vo. 
2nd Edition. i Ltd. 1960. 


HE adidas rhs pies new edition are 

improvements of detail rather than 
form and the general scope and arrange- 
ment have been maintained. The most 
notable amendments and additions are 
those relating to static and dynamic 
characteristics, transformer cooling, lay- 
out of receivers and amplifiers, power 
factor, and transistors. The selection of 
examination questions given on each 
chapter has been revised and enlarged in 
accordance with recent trends. 

The book assumes only an elementary 
knowledge of electricity and magnetism, 
and develops simple a.c. theory from the 
radio engineer’s angle. 


V.H.F. Line Techniques 

By C. S. Gledhill. 57 pp. 50 Figs. Demy 8vo. 
Edward Arnold (Publishers) Lid. 1960. 12s. 6d. 

HIS book has been written with the 

undergraduate student primarily in 
mind, for it deals in some detail with 
the various methods of using transmis- 
sion lines as elements to perform various 
functions of communication circuits. 
Wherever applicable, the rigorous analy- 
sis of the method is given, but the aim 
in every section has been to show that 
the circle-diagram technique yields the 
same results as the analysis and also 
does it more rapidly. Throughout the 
book are worked examples of a practical 
nature, which will be helpful to the 
practising engineer as well as the student. 
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La Science et la Théorie de 
l’Information 
By L. Brillouin. .- ee. 74 Figs. per 8vo. 
Masson et Cie, 1960. Price 4.800fr. 
ROFESSOR ‘Lao BRILLOUIN is 
well known and a book from his 
pen should be received with both enthusi- 
asm and respect. There is no doubt that 
this book is worthy of its author. 

The first quarter of the book is devoted 
to the definition of information and its 
application to particular problems such 
as redundancy, coding and classification. 
This is followed by the definitions and 
basic notions necessary for the compre- 
hension of the following chapters. Here 
the author has carefully avoided over- 
loading by restricting himself to what is 
absolutely necessary and where what may 
appear to be categorical statements are 
made, they are backed up by an extensive 
bibliography. 

In the main body of the work appears 
the author’s remarkable _ correlation 
between information and entropy which 
leads him to the double conclusion that 
information is in fact entropy with a 
simple change of sign, for which he has 
coined the word “neguentropie”, and that 
any experiment which supplies informa- 
tion, inevitably results in an increase of 
entropy. The application of this conclu- 
sion to a number of interesting special 
cases clarifies several problems of which 
the real significance has often remained 
obscure for engineers and even for some 
physicists. 

In this book there is the rare combina- 
tion of a text which is easy to read and 
one which stimulates reflection. It ought 
to be in the library not only of those con- 
cerned with telecommunications and com- 
puters but of physicists and engineers 
whose work is connected in any way 
whatsoever with measurement. 

G. ASHDOWN 


Principles of Servomechanisms 
By A. Tyers and R. B. Miles, 173 pp. 182 Figs. 
Demy 8vo. Sir Isaac Pitman & Sons Ltd. 1960. 

Price 25s. 

+ Io as far as this book is an ‘ appetizer’ 

and does not really deal with the 
‘main course’ of the subject one feels 
that the title is misleading. The more so 
for the old hands of the subject of servo- 
mechanisms who will recall perhaps with 
nostalgia that over 12 years ago the first 
really comprehensive pedagogic text on 
the subject bore the same title. The 
present volume is not (and neither did 
its authors intend it to be), in the same 
class. It is intended for junior develop- 
ment and maintenance engineers with 
no mathematical knowledge beyond ele- 
mentary trigonometry but a familiarity 
with general electronic circuits. As such 
it would have teen more happily entitled 

n ‘ Introduction ’. 

To deal with servo theory without 
using differential equations means that 
the subject must of necessity be dealt 
with descriptively and can only be quali- 
tative rather than quantitative. Given 
these restrictions the authors are in- 
genious in surmounting their chosen 
limitations and do provide in an enter- 
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taining way an introduction to the jargon 
of the subject. Since a.c. vectors are used 
in describing the action of a.c. servos and 
synchros one wonders why the authors 
saw fit to omit all reference to frequency 
response, the major hurdle having been 
taken. 

The major part of the book is con- 
cerned with the functioning of the peri- 
pheral hardware; error detectors, modu- 
lators and demodulator amplifiers (d.c., 
a.c. magnetic, thermionic, transistor and 
thyratron), servo motors and tachometers; 
topped-off for good measure by a chap- 
ter on analogue computers (again without 
resort to differential equations). 

The authors have set out to help junior 
engineers and technicians who find them- 
selves involved with servomechanisms to 
understand in general terms what goes 
on in them. Most electrical components 
and circuits peculiar to servos are de- 
scribed and practical details of their con- 
struction given. The explanations are well 
matched to the readers they are intended 
for and will be readily understood by 
them. This is an important point in a 
book of this sort and the authors have 
shown real understanding of the need for 
absolute clarity. As an ‘appetizer’ the 
book is well-conceived and recommenda- 
tions are given at the end for wider read- 
ing for those who stay the course with 
an appetite for a rather heavier ‘ course’. 


J. H. Westcotr 


The Instrument Manual 


742 pp. 998 Figs. Demy 4to. 3rd Edition. 
United Trade Press Ltd. 1960. Price 105s. 
HE general scheme of this edition 
follows that of the second edition. 
One section has been omitted, namely 
Navigational Instruments, and this has 
been replaced by one on Analogue Com- 
puters. The original optic section has 
been dispersed. Microscopy has now 
been given a section to itself, and the 
analytical pattern of optical instruments 
has been included in the section on 
Analytical Instruments, which also in- 
cludes all relevant material from the 
section in the second edition called 
Instruments for the Determination of 
Compositional Quality. The titles of 
some of the sections have been modified 
to indicate their contents more accurately. 


Theory and Design of Inductance 
Coils 
By V. G. Welsby. 226 pp. 57 Figs. Demy &vo. 
2ud Edition. MacDonald & z= (Publishers) Ltd. 
1960. Price 30s. 


HE material of the first edition has 

been completely revised and new 
matter added. Resulting from the develop- 
ment of microwave radio and of hf. 
techniques during recent years, much 
interest has been created in the principles 
of electromagnetic wave propagation. In 
this second edition this aspect is referred 
to and it is shown how a picture derived 
from electromagnetic field theory simpli- 
fies the understanding of inductors. In 
this new edition the units are in the 
modernized m.k.s. system. 
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.... be like the printed wiring connector 
produced by Continental Connectors. It 
grips like a vice yet not viciously. This 

is achieved by the exclusive ‘Bellows 
action" contacts, which ensure low 
resistance even with a board edge 
varying in thickness by as much as - 01" 
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The printed wiring connector is just 
one of the range of Continental Connectors 
available to enable you to come to grips 
with your connector problems. For full 
information please write or phone 
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“Electronic Equipment’ pages and summaries of the main articles. 
It will be noted that each item in the ‘Electronic Equipment’’ Section 
concludes with a number. These numbers are for the use of readers 
who require further information about particular items and should 
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the journal. 


Advertisement pages, facing matter, can be included in this Language 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


CALCULATEUR ANALOGIQUE 
“SUR CHAINE” 


(Illustration a@ la page 516) 


De Havilland Propellers Ltd, Hatfield Aerodrome, 
Hatfield, Hertfordshire 


Le calculateur analogique “ANATROL” 
constitue une conception nouvelle dans 
l'étude des systémes de calcul analogique 
“sur chaine” et fournit, pour la premiére 
fois, un calculateur bon marché, complet 
et adaptable, ayant la robustesse et la 
stabilité indispensables pour le contréle 
moderne des procédés de fabrication a 
la chaine. 

La précision de calcul d’ ANATROL est 
compatible avec le degré de précision 
qu’on exige actuellement des mesures, ce 
qui lui permet de s’intégrer facilement et 
efficacement a des dispositifs de contréle 
existants. 

Les calculateurs analogiques classiques 
fournissent les solutions d’équations de 
procédés a des vitesses extrémement 
rapides, comparées 4 la dynamiques des 
procédés. Ce fait, allié & la nécessité 
d’augmenter la sireté de fonctionnement 
et de réduire considérablement le prix, a 
conduit au choix des principes utilisés. 

Les minima des amplificateurs et multi- 
plicateurs de calcul sont formés en unités 
arithmétiques. Ces minima sont ensuite 
employés pour apporter une solution 
point par point des équations, selon un 
programme pré-établi dans lequel chaque 
point est choisi en séquence par un 
systeme de commutation. Des petites 
matrices 4 mémoire sont employées pour 
retenir les informations sur le résultat 
d’un point dans la solution, ces données 
étant utilisées & un stade ultérieur du 
calcul. De longues matrices sont em- 
ployées pour fixer les sorties sur le 
dernier chiffre calculé, cependant qu’on 
détermine de nouvelles valeurs. 

Un maximum de vingt-cing points est 
prévu, ce qui donne a la machine le 
potentiel d’un calculateur employant au 
moins soixante quinze amplificateurs de 
calcul et vingt-cing multiplicateurs. Des 
méthodes a base de semi-conducteurs 
sont appliquées exclusivement, a I’excep- 
tion de quelques éléments de commuta- 
tion électro-mécaniques. La machine est 
de construction modulaire, et différentes 
combinaisons composante-unité peuvent 
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étre employées selon le probléme traité. 
Au besoin, un élément supplémentaire 
d’entrée/sortie peut étre fourni, Ce 
dernier contient des transducteurs ou 
amplificateurs, pour adapter le calculateur 
exactement 4 l’équipement de mesure ct 
de contréle de I’usine. 
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CONTROLEUR DE LIMITES 
DE VIBRATIONS 


(illustration a la page 516) 
Dawe Instruments Ltd, 99 Uxbridge Road, 
London W.5 


Le contréleur de limites de vibrations 
type 1434 a été créé pour mesurer, con- 
tréler et enregistrer les vibrations dans 
les machines et les structures, Le contréle 
de vibrations excessives des grands 
ensembles de machines rotatives, com- 
prenant du matériel hydroélectrique et 
turboélectrique, ainsi que les ponts et 
barrages lourdement chargés, peut se 
faire automatiquement en comparant con- 
tindment le signal provenant d’un capteur 
& une tension de polarisation préréglée. 
Un tube de déclenchement avec un relais 
de grande puissance dans le circuit 
anodique est déclenché si le signal est 
supérieur au niveau prédeterminé. Le 
relais arréte alors la machine ou actionne 
un dispositif d’alarme. 

Le capteur de vibrations est de con- 
struction robuste, 4 cadre mobile. Il est 
hermétiquement scellé pour maintenir la 
précision dans les conditions de tempéra- 
ture et d’humidité élevées. Des conduc- 
teurs jumelés 4 gaine, ayant jusqu’A 200 
pieds de long, permettent de placer le 
contréleur a distance sfire des capteurs 
montés sur des machines en des endroits 
dangereux ou _ imaccessibles. Dans la 
gamme de fréquences allant de 20 a 400 
Hz (1200 a 24000 tours/minute), le 
capteur fournit une tension de sortie pro- 
portionnelle a la vitesse de vibration de 
la surface avec laquelle il est en contact. 
Un signal représentant le déplacement 
s‘obtient en appliquant la tension de 
sortie A un montage intégrateur, suivi par 
l'amplification et le redressement. Le 
signal c.c. qui en résulte est utilisé pour 
actionner un appareil de mesure étalonné 
en valeurs de pointe de déplacement pour 
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un simple mouvement harmonique appli- 
qué au-capteur. Cette indication du 
niveau moyen de vibration, donnée par 
l'appareil de lecture, peut étre enregistrée 
en enfichant un milliampéremétre enregis- 
treur c.c. ordinaire. 

Une commande de sensibilité offre 
quatre gammes, soit: 0 a 0,001 pouces, 
0 a 0,003 pouces, 0 a 0,010 pouces et 0 a 
0,030 pouces (unités anglaises) ou 0 a 
0,03 mm, 0 a 0,1 mm, 0 4 0,3 mm et 0a 
1 mm (unités métriques). Le contréleur 
peut étre réglé pour un declenchement a 
n’importe quel niveau de vibration entre 
20 et 100% de déviation totale de l’appa- 
reil de mesure, dans n’importe quelle 
gamme, 
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ANALYSEUR DE FREQUENCES 
(Illustration 4 la page 516) 


Laboratoire Electro-Acoustique, 5, rue Jules- 
Parent, Rueil (Seine-et-Oise), France 


Cet instrument a été réalisé pour 
l'analyse des composantes d’un spectre 
de fréquences ayant une fréquence 
fondamentale de 50 Hz. 

L’analyse s'effectue de la 
suivante: 

Une fréquence variable, produite par 
un générateur de précision incorporé A 
lanalyseur, est superposée au spectre 
devant étre analysé. Aprés détection, on 
attaque un amplificateur sélectif, avec 
appareil de mesure, qui ne permet que 
le passage d'une bande étroite. Chaque 
fois que la différence entre la fréquence 
variable et la composante d’un spectre 
donne une fréquence dans la bande 
passante, on obtiendra une déviation de 
l'instrument, proportionelle a Tl’ampli- 
tude de la composante. 

L’analyseur F.A.H. 
bien I'examen des composantes, l'une 
aprés l'autre, que celui d’une com- 
posante individuelle, en fonction du 
temps. 

Etant donné que la fréquence fonda- 
mentale de 50 Hz peut ne pas étre 
absolument stable, il est nécessaire 
d’avoir une bande passante d'une 
certaine largeur, afin d’assurer l'accord 
des différentes composantes. En effet, si 
l'accord est trop aigu, des variations de 
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fréquence, méme fort limitées, causerai- 
ent des variations dans Ilindication de 
l'instrument, sans qu'il n'y ait, de fait, 
une variation dans la tension de la 
composante. 

D’autre part, il est indispensable que 
la sélectivité de linstrument, en dehors 
de la susdite bande passante, soit suf- 
fisamment grande pour empécher que la 
mesure d'une composante en cours 
d’examen, ne soit influencée par des 
composantes voisines, de chaque céte de 
celle-la. 

La gamme de fréquences de l’analyseur 
est de 100 Hz a 2 kHz, et l’affaiblisse- 
ment est de 25 dB aA +50 Hz, a partir 
du milieu de la bande passante. Une 
sortie est prévue pour l'utilisation d'un 
enregistreur a plume. 
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POTENTIOMETRES MINIATURE 
(Illustration a la page 517) 


Miniatore Electronic Components Ltd, The Lye, 
St. Johns, Woking, Surrey 


La susdite société fabrique sous licence 
Con-Elco de Californie, une série de 
potentiométres d'équilibrage miniature, 
livrables dans les trois modéles courants 
gu’on voit sur notre gravure. 

La gamme de températures va de 
— 55° C a + 180° C, la _ puissance 
nominale est de 2} W et la valeur de 
décroissement nominal va jusqu’a 4 Wa 
150° C. La gamme de résistance s’étend 
de 10 2 a 50 k22. Ces potentiométres ont 
été spécialement concus et réalisés pour 
l'industrie des engins téléguides, ot pré- 
valent des conditions d’environnement 
fort rigoureuses et ott la sfireté de fonc- 
tionnement est des plus importantes. 
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COMPTEUR DE PUISSANCE B.F. 
(Illustration a la page 517) 


Amos of Exeter Lid, Weircliffe Court, Exwick, 
Exeter, Devonshire 


La conception du modéle 157 se rap- 
proche sensiblement de celle des autres 
compteurs de puissance BF Weircliffe 
utilisant un mouvement a cadre mobile 
de 114 mm, a échelle de 0 a4 10 mW et 
— 20dB a + 10 dB. Toutes les résistances 
de charge, bobinées inductivement et 
d'une puissance nomina!e a l’épreuve des 
conditions continues de pleine charge, 
sont réglées pour une précision de 0,1%. 
Un réglage variable indépendant peut étre 
effectué pour compenser les variations 
individuelles dans les mouvements de 
compteur. 

L’accord des impédances d’entrée se 
fait par un transformateur 4 noyau de 
type “C” de dimensions convenables 
ayant un noyau en bande de 0,1 mm afin 
d’assurer une réponse de fréquence 
linéaire. Une prise médiane autorise une 
entrée pleinement équilibrée 4 toutes les 
impédances et lisolement est tel que 
linstrument peut étre relié directement a 
un circuit A lampes pour déterminer les 
conditions de charge optimum. Les deux 
commandes d’impédances fondamentales 
choisissent des valeurs de 1 A 10 ohms par 
paliers de 0,5 ohm, tandis qu’un multipli- 
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cateur donne des facteurs de X1, X2, X5, 
X10, X20, X50, X100, X200, X500, et 
X1 000, permettant un choix rapide de 
n’importe quelle impédance de 12 a 
10k2. 

Un commutateur a cing directions, 
directement étalonné, choisit des gammes 
de 10 mW, 100 mW, 1 W, 10 W et 50 W 
de déviation totale, la lecture utile la 
plus basse dans chaque gamme étant un 
dixieme de l’échelle totale. 
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ENREGISTREUR A DOUZE 
CANAUX 
(llustration a la page 517) 


AB Elektrisk Malmletning, Danderydsgatan 11, 
Stockholm 


Les enregistreurs 4 plume 4a écriture 
directe de la série ABEM constituent des 
instruments de précision pour I’enregistre- 
ment d'un a douze phénoménes transi- 
toires a vitesse réduite. Ces derniers 
peuvent étre injectés aux galvanométres A 
cadre mobile 4 prise médiane, soit comme 
signaux c.a, soit comme signaux c.c. 
L’enregistrement direct s’obtient par 
l'emploi de plumes chauffées et de papier 
ciré. Vu que le papier passe sous les 
plumes, la surface cirée en coniact avec 
celles-ci fond, faisant ainsi apparaitre le 
fond de couleur rouge vif du papier, qui 
produit une trace fortement contrastée. 
Deux marqueurs de phénoménes transi- 
toires sont fournis, permettant d'enregis- 
trer le temps ou des repéres d’identifica- 
tion. 

En échangeant les roues d’engrenage, 
on peut obtenir trois vitesses complé- 
mentaires dans la gamme de 1 mm/min. 
a 10 cm/sec. Il y a, en outre, un choix de 
galvanométres avec résistances intérieures 
de 1750 2, 430 2, 100 2, 28 Q, avec sensi- 
bilités de 25 mm/1 mA, 25 mm/2 mA, 
25 mm/4 mA et 25 mm/8 mA respective- 
ment. 
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OSCILLATEUR KLYSTRON REFLEX 
(Illustration a la page 517) 
English Electric Valve Co. Ltd, Chelmsford, 
Essex 


Le nouveau klystron réflex basse 
tension K.361 a été spécifiquement étudié 
a lintention des systtmes Doppler de 
mesure de vitesse, pour lesquels un 
fonctionnement sir avec un minimum ce 
soins routiniers sont des conditions essen- 
tielles. 

Des applications typiques comprennent 
un équipement produit par la Westing- 
house Brake & Signal Co. pour la com- 
mande automatique de vitesse de matériel 
roulant garé dans des voies de classement 
et de systtmes Doppler de “radars” de 
police pour les mesures de vitesses. 
L’accord mécanique du _ klystron s’ef- 
fectue, dans la gamme de fréquences de 
10700 & 10725 MHz, par un bloc d’accord 
a vis unique pénétrant dans la cavité. 

Le klystron réflex K.361 a une puis- 
sance de sortie minima de 20 mW et il 
est muni d’un coupleur type UG-40 A/U 
(Z830051) pour la connexion au guide 
d’onde No. 16. 
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BLOCS D’ALIMENTATION 
STABILISEE 
(Illustration a la page 517) 
International Electronics Lid. 132-135 Sloane 
Street, London S.W.1 

Ces blocs entiérement transistorisés 
sont montés sur chassis d’acier zingué de 
1,63 mm et peuvent étre fixés sur panneau 
ou plaque de base. N’importe quels deux 
blocs peuvent étre montés céte a céte sur 
panneau a support normal de 48,2 cm. 

Dans leur assortiment actuel, ces blocs 
couvrent des courants de 100 mA, 200 
mA, 350 mA et 500 mA. aux tensions 
normales de 200 V, 250 V et 300 V. En 
outre, tous les blocs sont munis de deux 
bobinages de chauffage, dont l’un est a 
prise médiane. 

Les blocs sont pleinement protégés par 
des fusibles de secteur et de sortie. 

L’impédance de sortie 4 500 kHz est 
inférieure a 0,5 2, l’ondulation efficace est 
inférieure & 1 mV et le facteur de 
stabilité est de 400: 1. 

La premiére série de blocs transistorisés 
d’alimentation a basse tension vient 
également d’étre lancée. Ces _ blocs 
fournissent un courant de 2 A a 
n’importe quelle tension entre 5 V ct 
50 V et ils utilisent une méthode de com- 
mutation qui évite l’emploi d’un grand 
nombre de transistors en paralléle, Des 
blocs fournissant des courants de 5 A et 
10 A seront ajoutés prochainement a cette 
série. 
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POTENTIOMETRE 
RECTILINEAIRE 


(Illustration a la page 518) 


General Controls Ltd, 13-15 Bowlers Croft, 
Honywood Road, Basildon, Essex 


Ce potentiométre rectilinéaire de pré- 
cision, avec frotteurs A suspension équili- 
brée, a été realisé pour parer au probleme 
de la séparation du frotteur de I’élément 
de résistance, dans des conditions environ- 
nantes extrémes de chocs et de vibrations. 
Le potentiométre a un frotteur en forme 
de “U”, tenu en équilibre de pression 
entre la tige de commutation et I’élément 
résistif. Toute force extérieure tendant a 
modifier la pression de contact du frotteur 
contre élément résistif, provoquera une 
réaction opposée égale sur le cété de 
commutation du frotteur en “U”, main- 
tenant ainsi une pression constante du 
bras du frotteur. Ce syst¢me réduit au 
minimum le bruit de contact et la discon- 
tinuité du signal sélectif et empéche une 
pression nuisible du frotteur contre 
rélément résistif. 

Le nombre maximum de prises, y 
compris les connexions d’extrémité, est 
de cing, et la gamme de résistances va de 
100 2 a 10 k&, 
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RADIOGONIOMETRE 
AUTOMATIQUE M.F. 
(Illustration a la page 518) 


Wireless Telegraph Co. 
Chelmsford, Essex 


Le radiogoniométre Type ND.103 com- 


Marconi’s Led, 
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prend le systéme a cadres fixes Bellini- 
Tosi, et l’élément rotatif est constitué par 
une bobine de goniométre automatique- 
ment réglée, mise en action selon la 
méthode du signal nul. 

Un récepteur sensible et un radiogonio- 
métre sont logés dans un seul bloc com- 
pact, propre au montage sur établi. Quoi- 
que l’appareil soit principalement prévu 
pour le fonctionnement automatique, il 
est aussi doté de commandes manuelles, 
sous une plaque a charniéres, les com- 
mandes essentielles pour l'emploi auto- 
matique étant aisément accessibles et com- 
modément placées pour l'utilisateur. 

Le panneau avant est en pente, afin 
d’en faciliter la lecture, et il porte a 
droite l’échelle d’accord et a gauche 
léchelle d'indication de _ relévement, 
cependant que le compteur d’accord se 
trouve entre les échelles. 

L’appareil peut étre équipé de tous les 
principaux types de répéteurs§ gyro- 
scopiques, évitant ainsi la nécessité de 
pointer le cap du navire, et il se conforme 
rigoureusement aux spécifications des 
services postaux britanniques, en ce qui 
concerne I’équipement radiogoniométrique 
pour navires. 

La précision des relévements sur “auto- 
matique” est supérieure 4 + 1% et un 
étalon intérieur 4 cristal assure la vérifi- 
cation d’échelle. 

La commutation “d’automatique” a 
“manuel” peut s’effectuer immédiatement, 
ce qui permet de relever des signaux 
faibles en méme temps que des signaux 
plus forts, cas qui peut se produire quand 
on répond a un signal de détresse. 
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BLINDAGE DE CHLORURE DE 
POLYVINYLE POUR 
TEMPERATURES ELEVEES 
Permanoid Ltd, New Islington, Manchester, 4 
Pour les applications ou le traitement a 
températures élevées, la société Perma- 
noid a créé un nouveau doublage de 
chlorure de polyvinyle avec renforcement 
iniérieur de soie visqueuse. Ce matériel se 
conforme a la Norme Britannique B.S. 

2848, 1957, Classe 10ST, Type 1. 

Le blindage a soie visqueuse Per- 
manoid allie les avantages d’un noyau 
de textile intégral et d’une gaine en 
chlorure de polyvinyle sans aucun des 
désavantages. Le renforcement intérieur 
en soie visqueuse assure la flexibilité 
d’emploi et élimine le risque de retré- 
cissement durant la cuisson. Une couche 
extérieure en chlorure de _ polyvinyle 
plastifié augmente la densité et, par 
conséquent, la résistance aux huiles ou 
vernis d'imprégnation, réduisant ainsi 
efficacement la possibilité de panne 
mécanique durant le traitement. Il a de 
bonnes propriétés de vieillissement, il 
est imperméable a la moisissure tropicale 
et convient Aa des températures de 
fonctionnement continu allant jusqu’’ 
105°C. 

Le blindage Permancoid est fourni en 
onze couleurs (noire et blanche y com- 
prises) et dans des diamétres d’alésage 
de 0,5 mm a 5 mm. 
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PONT HF 
(llustration a la page 518) 


Hatfield Instruments Lid, Crawley 
Horsham, Sussex 


Le pont haute fréquence LE300 assure, 
en cing gammes, l’étalonnage direct de 
résistances de 10 2 a 10 M, de capacités 
de 0 a 0,025 uF (la gamme la plus 
réduite étant de 0 a 2.5 pF), de conduc- 
tances de 0 & 100 mmbhos (la déviation 
totale la plus réduite étant de 0,01 
mmhos), d’inductances de 0,4 #H Aa 
100 mH et de réactances de 422 4 10 M. 
Toutes les mesures peuvent étre effectueés 
dans la plage de fréquences de 15 kHz a 
15 MHz, les gammes de résistances, de 
capacitances et de conductances étant 
indépendantes de la fréquence et les 
etalonnages d'inductances et de réact- 
ances appliquant »=10’. 

Le panneau a avant en_ pente 
porte deux cadrans étalonnés, ainsi que 
les deux commutateurs de gammes, les 
commandes des réglage de zéro et deux 
prises coaxiales femelles, pour la source 
et le détecteur. Le plateau supérieur porte 
six prises, dont une de mise 4 la terre, 
une neutre. une commune et trois prises 
de gammes, pour relier l'appareil ou !a 
piéce détachée soumis au contrdéle. 

Des bornes interchangeables a ressorts 
facilitent la connexion. Cette qualité 
d’interchangeabilité est extrémement 
utile, car elle permet l’échange rapide des 
gabarits de contréle de production. De 
plus, les adaptateurs de_ transistors, 
fournis comme accessoires, peuvent aussi 
étre enfichés directement. 

Le pont HF peut étre utilisé avec 
n’importe quelle source ou n’importe quel 
détecteur appropriés, Lorsqu’il est plus 
commode, cependant, de travailler 4 une 
fréquence fixe, on utilisera l'ensemble de 
source et détecteur type LE.302, dont 
w=10", et qui a été spécialement étudié 
pour le pont, permettant ainsi de I’étalon- 
ner directement en inductance. 


EE 24 762 pour plus amples renseignements 


Road, 


APPAREIL DE CONTROLE A 
TRANSISTORS 
(Illustration a4 la page 519) 
Microcell Ltd, Blackwater Industrial Estate, 
Camberley, Surrey 
Cet appareil de contréle a été créé pour 
mesurer, & un degré élevé de précision, 
les paramétres de transistors pnp et npn. 
Il comporte plusieurs avantages qui le 
recommandent au réalisateur de circuits 
ayant besoin de plus de renseignements 
sur des transistors individuels que n’en 
fournissent habituellement les fabricants. 
Il est particulitrement indiqué pour le 
choix de jeux de transistors équilibrés. 
Les paramétres povant étre mesurés 
sont le facteur d’amplification, la fré- 
quence de coupure, la puissance dissipée 
au collecteur, la tension de retournement 
au collecteur des transistors (montage 
émetteur a la masse), la tension de 
retournement et le courant de fuite des 
diodes. 
L‘appareil se caractérise par une entrée 
différentielle. un voltmétre & lampes A 
large bande servant d’indicateur de 
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facteur d’amplification et un oscillateur 
a large bande faisant fonction de source 
de signaux. L’indicateur sous forme de 
voltmétre électronique élimine efficace- 
ment les erreurs dues aux tensions para- 
sites se manifestant dans les réseaux de 
rapport. La réponse de ce voltmétre élec- 
tronique est, & environ 1 dB prés, de 1 
kHz a 10 MHz. L'oscillateur couvre !a 
gamme de 1 kHz a 10 MHz et produit 
une sortie stable, & + 0 — 1 dB prés, dans 
cette gamme. Un circuit de commande, 
du type a pont, réduit au minimum les 
variations de sortie en fonction des 
changements de température ambiante. 

Les alimentations au collecteur, soit 
2-—-10Va3A,0—-10Vet0—100 V 
a 30 mA, sont pleinement stabilisées, de 
méme que l’alimentation de 220 V, 200 
mA. pour l’oscillateur et le voltmétre 
électronique. 

La tension au collecteur et le courant 
au collecteur sont contrélés par des indi- 
cateurs du type a bord, posés l'un sur 
l'autre, de maniére a ce que les deux 
puissent étre observés simultanément. 
Tous les indicateurs sont pleinement 
protézés par disjoncteurs 4 maxima. Le 
courant de base peut étre contrélé 
extrérieurement. 
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POTENTIOMETRE ENREGISTREUR 
(/llustration a la page 519) 


W. H. Joens & Co. GmbH, Martinstrasse 55, 
Dusseldorf 


Ce potentiométre enregistreur est logé 
dans un coffret de 144 mm x 144 mm et 
sa largeur d’enregistrement est de 100 
mm. Il est entitrement transistorisé et ne 
fait pas usage de condensateurs électroly- 
tiques, ce qui le rend d’un fonctionnement 
plus sir et d’un entretien plus facile. De 
plus, ume source de tension constante 
semi-conductrice, thermiquement réglée, 
est employée au lieu d'une pile étalon. 

La gamme de mesure la plus basse est 
de 5 mV ou 10 #A c.c. et la vitesse de 
réponse est de 1 sec de déviation totale. 
Le modéle courant comprend des com- 
mutateurs pour huit vitesses de bande, de 
10 A 1200 mm/heure, et un sélecteur de 
tension pour six tensions différentes, de 
24 aA 250 V. Un second fil a contact glis- 
sant et un potentiométre a point de 
repere réglable sont incorporés a I’en- 
registreur afin de former un montage cn 
pont de sortie pour représenter la dévia- 
tion du point de repére. 
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EQUIPEMENT DE CONTROLE DE 
MACHINES-OUTILS 


The General Electric Co. Ltd, Magnet House, 
Kingsway, London W.C.2 


Une nouvelle gamme d’appareils de 
contréle de séquences et de la position de 
machine-outils est maintenant offerte par 
la Division d’Electronique de la General 
Electric Co. Ltd. 

Les deux systtmes comportent une 
série de “tableaux logiques” et ils utilisent 
des circuits imprimés transistorisés et des 
lampes a cathodes froides, Ils sont con- 


ELECTRONIC ENGINEERING 





sidérablement plus petits que les appareils 
ordinaires. D’autre part, 1’élimination 
virtuelle du matériel de commande 
électromécanique réduit I’entretien & une 
vérification électrique routiniére. 

La détection de position se fait par 
palpeurs & conversion numérique rotatifs, 
qui fournissent les sorties de signaux 
numériques représentant la position de ia 
table porte-piéce dans deux directions et 
commandent les moteurs d’entrainement 
a vis mére. Une commande a deux vitesses 
est prévue, soit ume grande vitesse de 
2,3 m/min. pour un balayage rapide, et 
une vitesse réduisible jusqu’a 305 mm/ 
min. pour le retour a la position requise, 
avec une précision finale de + 0,0127 
mm. Cet équipement est déja en service 
avec plein succés sur l’aléseuse Newall 
2436. 

L’équipement de contréle de séquences 
permet le minutage et le déclenchement 
d’un nombre multiple d’opérations simul- 
tanées ou successives. 
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ABAQUE DE CHAMP 
(Illustration a la page 519) 
Servomex Controls Ltd, Crowborough, Sussex 
Ce nouvel instrument analogique a 
résistance, est en réalité une version bi- 
dimensionnelle de la cuve rhéographique 
et, grace a I’abaque, l’opérateur peut 
tracer une carte des lignes de potentiel 


et de débit, commodément et 
habileté particuliére, 

L’opérateur étudie le probléme Aa 
résoudre et convertit les quantités en 
termes de champ électrique. Des élec- 
trodes conductrices sont peintes en 
couleur argent, en leur imprimant n’im- 
porte quelle forme voulue sur une surface 
de papier Télédeltos. Elles sont reliées au 
FP.92 et les lectures de rapport sont 
fixées sur un potentiométre étalonné avec 
précision. La prise du potentiométre de 
rapport est reliée au palpeur, a travers un 
galvanométre indiquant Péquilibre. 
L’opérateur explore le champ _ pour 
trouver l’équilibre qui est marqué avec 
la pointe du crayon sur le palpeur. 
Au bout de quelques minutes, des 
lignes équipotentielles peuvent étre 
tracées afin de donner une solution 
graphique et précise au probléme. 
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APPAREILS DE NETTOYAGE 
A ULTRA-SONS 
(Illustration a la page 519) 
Kerry’s (Ultrasonics) Ltd, Warton Road, Strat- 
ford, London E.15 
Cette gamme d’appareils de nettoyage 
“Junior” a ultrasons est destinée au 
nettoyage de petites pieces telles que 
celles des roulements et cages a billes, de 
mouvements et piéces d’instruments, de 
rubis, de piéces de montres, horloges et 
chronométres, de piéces de tubes thermo- 


électroniques et hydrauliques, de piéces 
de transistors et redresseurs au germanium 
et au silicium, de joaillerie, d’assemblages 
d’optique, tels que montures de lunettes, 
lentilles, etc. 

En plus de son application a ces pieces 
et A une foule d’autres, la gamme des 
appareils 4 ultra-sons “Junior” se préte 
aussi a l'emploi comme outils de labora- 
toire, pour des travaux d’estimation de 
méthodes & ultra-sons. 

Les appareils “Junior” fonctionnent & 
une fréquence de 40 kHz avec transduc- 
teurs montés sur la base d’un bac rond 
en acier inoxydable. Le bac de traitement 
est monté sur plinthe, pour que l’appareil 
puisse étre érigé sur établi ou inséré 
dans une machine de nettoyage de 
montres de type ordinaire, afin qu’il fasse 
partie d’un cycle ou d’une séquence de 
nettoyage normaux comprenant le lavage, 
le ringage et le séchage. Les piéces 
peuvent frequemment étre nettoyées sans 
qu’il soit nécessaire de les demonter, ce 
qui évite les risques d’endommagement 
mécanique. Enfin, des films d’impuretés 
tenaces, tels que le rouge d’Angleterre, le 
tripoli ou terre pourrie, etc. peuvent étre 
facilement enlevés. 

Il existe trois modéles de grandeur 
normale, tous excités par un générateur 
a ultra-sons type L.325, donnant une 
sortie de puissance d’environ 150 W par 
impulsions. 
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Résumés des Principaux Articles 


Un systéme numérique de concentration de données 4 action rapide 


par H. Fuchs et J. R. Wastell 


Cet article décrit un systéme de concentration de données, a action rapide, qui a été étudié pour 
contréler les sorties d’un grand nombre de transducteurs électriques tels que couples thermo- 
électriques, extensometres, thermométres a boule de résistance, transducteurs de pression, etc. 

Les modules sur lesquels ce systéme est fondé sont examinés et leur réle est discuté. 

L’article donne, en particulier, un apercu du dessin d’un appareil de balayage pouvant déclencher 


Résumé de I'article 
aux pages 468 d 472 


des signaux microvolts a d’assez grandes vitesses, du dessin d’un amplificateur de données convenant 
au fonctionnement discontinu et a niveau de bruit et de dérive extrémement bas et, enfin, d’un 
convertisseur a grande vitesse d’éléments analogiques en éléments arithmétiques, avec une précision 
de 0,1°% et une sortie décimale. 

Le systéme, qui a été prévu pour un fonctionnement de 24 heures, englobe ses propes dispositifs de 
contréle automatique et il peut détecter des anomalies de marche et produire un rapport complet sur 
les conditions de fonctionnement a intervalles réguliers de temps. 


Un générateur de bruits de basse fréquence par N. T. Slater 

Au moyen d’une technique d’échantillonnage, 90% de la puissance de bruit se trouvant dans une 
bande haute fréquence est convertie en bruit de basse fréquence. Cette technique permet une sortie 
de basse fréquence de niveau élevé sans utiliser un amplificateur c.c. a grand gain et sa caractéristique 
de dérive inhérente. Une commande simple et efficace maintient la sortie de source constante et 
une méthode est décrite pour la mesure précise de la puissance de sortie finale. La distribution 
d’ amplitude de la sortie est égale a celle de la source de bruit primaire. 

Le générateur fonctionne entiérement par des moyens électroniques, n’employant aucune piéce 
mécanique mobile. 


Systémes a transistors et transducteurs par D. A. Ramsay 


Les transistors sont d’un niveau limité de puissance et de tension, et ils sont sensibles aux variations 
de température. Les transducteurs, par contre, n ont pas ces limitations particuliéres et, pour certaines 
applications, ces deux semi-conducteurs ont des propriétés mutuellement complémentaires, de sorte 
qu'une combinaison des deux offre des avantages par rapport a l'utilisation indépendante de l’un ou 
de l’autre. En particulier, un élément de commande 4 transistors peut étre doté de transducteurs 
pour donner des amplificateurs qui ne sont pas limités en puissance ou en tension de sortie. En outre, 
des amplificateurs de puissance hautement efficaces peuvent étre formés avec des circuits analogues a 
ceux des amplificateurs magnétiques, mais dans lesquels les éléments a@ transducteurs de sortie sont 
remplacés par des transistors de commutation ou par des redresseurs commandes au silicium. Dans 
ces circuits, les transducteurs peuvent convenir parfaitement comme éléments de commande. En ce 
qui concerne tout particuliérement les transistors de commutation, les propriétés utiles des trans- 
ducteurs peuvent étre exploitées pour réaliser de petits systémes robustes et hautement efficaces. 


Résumé de I’ article 
aux pages 473 d 475 


Résumé de |’article 
aux pages 476 d 479 
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Un détecteur de soufflures 4 courants de Foucault par E. Ruff 

L’examen des trous de boulons de cellules d’avions pour le repérage des soufflures exige une méthode 
non-destructive rapide. Cet article décrit un instrument de ce genre, utilisant l’effet dune spire 
court-circuitée brisée sur une inductance, ainsi que d'autres applications connexes. 


Résumé de I’ article 
aux pages 480 d 483 


Un circuit de commutation a transistors pour applications de régulation de puissance par M. J. Wright 

Un circuit amplificateur a transistors & courant continu, pour des applications de commande de 
puissance, est décrit dans cet article. L’oscillation continue de l’amplificateur est obtenue par 
réaction positive, l’étage de sortie étant commuté entre l'état de saturation et celui de coupure. Le 
signal d’entrée module le rapport marque/espace et fait ainsi varier le courant moyen injecté a une 
charge amplificatrice inductive. L’application premiére envisagée pour ce circuit est la régulation 
de tension de dynamos ou d’alternateurs en paralléle, mais une bréve mention est faite, cependant, 
de son utilisation pour la régulation d’alimentations par batterie ou secteur. 

Les principaux avantages d’un amplificateur de commutation sont la grande efficacité et la faible 
dissipation de puissance dans le transistor 4 commande série. 


Résumé de !’article 
aux pages 484 d 487 


Démodulation sensible aux phases, avec interpolation par J. S. Johnston 
Cet article décrit une méthode pour obtenir une approximation beaucoup meilleure de la forme 
Résumé de I’article d‘onde d’enveloppe d’une onde porteuse basse-fréquence modulée, qu’on ne pourrait le faire par la 
aux pages 488 d 490 démodulation sensible aux phases. Cette méthode s appuie sur la connaissance préalable de la forme 
nominale de la forme d’ onde, et une attention particuliére est apportée au cas sinusoidal, fort important. 


Une source simple de courant constant 4 alimentation compensée par P. Pargas 
L’auteur décrit ici un circuit simple fournissant un courant d'une trés haute stabilité pour le curseur 
Résumé de I’ article de mesure d’un potentiométre auto-équilibré. La stabilité totale a long terme, obtenue durant une 
aux pages 490 d 492 période de 1000 heures, est supérieure a 0,15°%, malgré les fluctuations de secteur et les variations 
de température. 


La correction des erreurs dans les générateurs de fonctions a potentiométre par J. Merchant 
Cet article décrit une méthode pour corriger les différentes erreurs qui peuvent se produire dans 
les générateurs de fonctions a potentiométre, par suite du chargement du bras et d'autres restrictions 
d’ordre pratique. 
Les erreurs causées par approximation d’une fonction continue avec des segments de ligne ne 
sont pas considérées. 
Résumé de |'article Dans cette méthode, le potentiométre est chargé de résistances, étudiées de la maniére la plus 
aux pages 493 d 496 simple pour donner la fonction voulue de segment de ligne. La fonction résultante est mesurée et 
ses déviations de l’objectif du dessin sont utilisées pour calculer une série de conductances de 
correction pour les segments de potentiometre. 
Le potentiométre, modifié par ces conductances, donnera alors une fonction beaucoup plus proche 
de l’objectif du dessin. Une seconde application de la méthode peut étre faite pour améliorer encore 
la précision de la fonction, mais dans la plupart des cas un seul processus de correction suffira. 


La production de transformations en séries et de coefficients de Fourier dans un calculateur analogique par F. C. Harbert 

Cet article décrit deux montages de calculateurs pour obtenir la transformation en séries de 
Fourier d’une fonction de temps. L’un de ces montages est a amplificateurs et multiplicateurs de 
calcul, tandis que l'autre n'utilise que des amplificateurs de calcul. 

Cette entrée en matiére est suivie par la description d’ une méthode pour obtenir, dans un calculateur 
analogique, la réponse de fréquence d’un systéme physique, une fois connue sa réponse a une entrée 
pas-a-pas. Cette méthode est éclairée par un exemple. | Une extension des montages de calcul 
permet d’extraire les coefficients de Fourier d’une forme d’onde périodique. 


Résumé de I'article 
aux pages 496 d 498 


Un amplificateur intégrateur et différenciateur pour les mesures de variations par M. Kringlebotn 

La source de sigaux dans les mesures de vibrations est tenue comme étant un capteur de vitesse, 
et la puissance de sortie de l’amplificateur comme étant débitée a une charge a basse impédance 
(comme, par exemple, un galvanométre a résistance interne de 25 ohms). Lorsque l’amplificateur 
est employé comme intégrateur, il convertit le signal de vitesse d’entrée en un signal indiquant le 
déplacement, et lorsqu’il est utilisé comme différenciateur, il convertit le signal de vitesse d’ entrée 
en un signal indiquant l’accélération du capteur. L’amplificateur peut aussi étre utilisé pour 
l’amplification linéaire du signal de vitesse. 

Les étages amplificateurs sont stabilisés par rapport aux changements de température. La réaction 
supplémentaire contribue pareillement a la stabilité thermale. Une source unique de 12,6V est utilisée. 


Résumé de I’article 
aux pages 504 d 505 


Un nouvel oscillateur résistance-capacité a transistor unique par E. T. Emms 
L’auteur décrit un nouvel oscillateur résistance-capacité a transistor unique, qui oscille avec la 
Résumé de l'article plupart des transistors a@ basse fréquence, méme lorsque le gain de courant du transistor est a la 
aux pages 506 d 508 limite inférieure. Le circuit emploie un réseau a paralléle T modifié. L’auteur discute en conclusion 
l’effet de ' impédance d’entrée de transistor finie et de la capacité de sortie. 


L’utilisation d’un transistor pour la commutation d’un noyau magnétique a antenne cadre par I. Krajewski 

Apres avoir montré que la plupart des transistors pouvant étre obtenus doivent étre considérés 
comme des sources de tension lors de la commutation de noyaux, auteur analyse le circuit de base 
pour régler un noyau. Cette analyse démontre que, dans des conditions déterminées et pour réaliser 
une commutation trés rapide, il existe un nombre de tours optimum pour le bobinage de commutation. 
Une vérification expérimentale de ces résultats, qu’ indique l’auteur, concorde fort bien avec les calculs. 
Une bréve description d’un circuit pratique est donnée en conclusion, ainsi que les calculs de dissi- 
pations de puissance de jonction a I’ intérieur du transistor. 


Résumé de I'article 
aux pages 509 d 5/1 
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Beschreibung neuer 


ANALOGRECHNER FUR 
VERFAHRENSREGELUNG 


De Havilland Pro Ltd, Hatfield Aerodrome, 
Hat + Hertfordshire 


(Abbildung Seite 516) 

Es wird gesagt, dass ,,Anatrol“ eine 
neue Entwicklungsrichtung im Analog- 
rechnerbau darstellt und zum ersten Mal 
einen preiswerten, umfassenden und 
vielseitigen Rechner zur Verfiigung stellt, 
der die fiir Verfahrensregelung unerlass- 
liche Stabilitat und stossfeste Ausfiihrung 
hat. 

Die Rechengenauigkeit des ,,Anatrol“ 
entspricht der modernen Messgenauigkeit 
und erméglicht seine bequeme und 
wirksame Integrierung in  bestehende 
Regelungssysteme. 

Die Geschwindigkeit, mit der tibliche 
Analogrechner Verfahrensgleichungen 
auflésen, ist im Vergleich mit der Ver- 
fahrensdynamik Ausserst schnell. Diese 
Tatsache fiihrte zusammen mit dem 
Bediirfnis, die Betriebssicherheit zu 
erhéhen und den Preis herabzusetzen, zur 
Wahl der verwandten Grundziige. 

Eine arithmetische Einheit wird aus 
einem Minimum von Rechenverstirkern 
und Multiplizierern gebildet. Diese Ein- 
heit wird dann dazu _ benutzt, die 
Gleichungen stufenweise nach einem 
vorgewahlten Programm aufzulésen, in 
dem jede Stufe durch einen Folgeschalter 
eingestellt wird. Kleine Speicher werden 
zum Festhalten des Resultats einer Stufe 
der Lésung eingesetzt und diese Daten 
in einem spateren Stadium der Rechnung 
verwandt. Gréssere Speicher werden zur 
Ausgabefestlegung der letzt berechneten 
Zahl_ benutzt, wihrend neue Werte 
bestimmt werden. 

Bis zu 25 Stufen stehen zur Verfiigung, 
was dem Rechner Verwendungsméglich- 
keiten gibt, die einer Anlage mit minde- 
stens 75 Rechenverstarkern und 25 
Multiplizierern entspricht. Mit Ausnahme 
der elektromechanischen Schaltelemente 
wird durchgehend Halblertettechnik be- 
nutzt,. Der Rechner ist mach dem 
Bausteinprinzip konstruiert, und je nach 
Problem kénnen’ verschiedene Bau- 
elementkombinationen eingesetzt werden. 
Auf Wunsch sind zusitzliche Ein- und 
Ausgabegerite mit Wandlern und Ver- 
stirkern lieferbar, die den Rechner 
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gemachten Angaben. 


genau an die Mess- und Reglergerate im 
Betrieb anpassen. 

Der Rechner hat eingebaute Eigen- 
priifschaltungen. Fiir Fehler iiber 1% 
wird eine Warnung gegeben und der 
Rechner automatisch vom Verfahren 
isoliert. 


EE 24751 fiir weitere Einzelheiten 


SCHWINGUNGSTOLERANZ- 
MONITOR 


Dawe Instruments Lid, 99 Uxbridge Road, 
London W.5 


(Abbildung Seite 516) 

Der Schwingungstoleranz-Monitor Type 
1434 wurde zur Messung, Uberwachung 
und Aufzeichnung von Schwingungen 
von Maschinen und Bauten eingefiihrt. 
Sowohl grosse Rotationsmaschinen, 
einschliesslich hydro- und _ turboelek- 
trische Anlagen, als auch schwer bela- 
stete Briicken und Damme _ k6nnen 
automatisch auf iibermissige Schwin- 
gungen iiberwacht werden, indem das 
vom Geber abgegebene Signal laufend 
mit einer eingestellten Vorspannung 
verglichen wird. Eine Ausléseréhre, in 
deren Anodenkreis ein Leistungsrelais 
liegt, wird getriggert, sobald der Signal- 
pegel iiber einen vorbestimmten Wert 
ansteigt. Das Relais schaltet entweder 
die Maschine ab oder gibt Warnung. 

Der Schwingungstastmesser hat eine 
robuste Tauchspulenkonstruktion und ist 
hermetisch verschlossen, um bei hoher 
Temperatur und Feuchtigkeit die 
Genauigkeit aufrecht zu erhalten. Wenn 
der Tastmesser in gefahrlicher oder 
unzuginglicher Lage an Maschinen 
angebaut ist, kann der Monitor mit Hilfe 
zweiadriger Schirmleitungen bis zu 60 m 
entfernt in einer sicheren Position auf- 
gestellt werden. Uber einen Frequenz- 
bereich von 20... 400 Hz (1200 ... 24.000 
UPM) gibt der Tastmesser eine Span- 
nung ab, die der Schwingungsgeschwin- 
digkeit der Oberfliche, mit der er in 
Beriihrung steht, proportional ist. Wenn 
die Ausgangsspannung an ein summie- 
rendes Netzwerk angelegt, dann verstairkt 
und gleichgerichtet wird, erhdlt man ein 
Signal, das die Verschiebung darstellt. 
Dieses Gleichstromsignal wird auf einem 
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Bauelemente, Zubehérteile und Priifgerite auf Grund der von Herstellern 
Ubersetzung der Seiten 516 bis 519 


Messgeraét angezeigt, das in Verschie- 
bungsspitzenwerten einer auf den Tast- 
messer einwirkenden einfachen harmo- 
nischen Bewegung geeicht ist. Anzeige 
des  Durchschnitts-Schwingungsniveaus 
kann durch Einstépseln eines normalen 
registrierenden Gleichstrom-Milliam- 
meters aufgezeichnet werden. 

Ein Empfindlichkeitsregler stellt vier 
Bereiche ein: 0... 0,001 Zoll; 0... 0,003 
Zoll; 0... 0,010 Zoll und 0... 0,030 Zoll 
(englische Masse) oder 0...0,03 mm; 
0...0,1 mm; 0...0,3 mm und 0... 1,0 
mm (metrische Masse). Der Monitor 
kann bei jedem Schwingungsniveau 
zwischen 20... 100% Vollausschlag fiir 
Triggerung eingestellt werden. 


EE 24 752 fiir weitere Einzelheiten 


FREQUENZANALYSATOR 


Laboratoire Electro-Acoustique, 5, rue Jules- 
Parent, Rueil (Seine-et-Oise), Frankreich 


(Abbildung Seite 516) 

Das Gerit wurde zur Analyse von 
Komponenten eines Frequenzspektrums 
mit einer Grundfrequenz von 50 Hz 
ausgelegt. 

Die Analyse wird auf folgende Weise 
durchgefiihrt: 

Ein im _ Analysator  eingebauter 
Prazisionsgenerator erzeugt eine veran- 
derliche Frequenz, die dem zu analysie- 
renden Spektrum iiberlagert wird. Nach 
Gleichrichtung wird das Signal einem 
mit Messgerat ausgeriisteten selektiven 
Verstirker zugefiihrt, der nur ein enges 
Band durchlisst. Wenn die Differenz 
zwischen der verianderlichen Frequenz 
und der Spektrumkomponente eine 
Frequenz im Durchlassbereich ergibt, 
wird das Instrument proportional zur 
Komponentenamplitude abgelenkt. 

Mit dem Analysator F.A.H.17 kénnen 
entweder die Komponenten nacheinander 
oder eine einzelne Komponente in Bezug 
auf Zeit untersucht werden. 

Da die 50 Hz Grundfrequenz nicht 
ganz konstant sein kénnte, ist es ndtig, 
ein Durchlassbereich gewisser Breite 
vorzusehen, so dass die verschiedenen 
Komponenten abgestimmt werden kén- 
nen. Mit zu_ scharfer Abstimmung 
kénnen selbst sehr kleine Frequenz- 
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schwankungen Schwankungen der Instru- 
mentanzeige hervorrufen, ohne dass 
tatsichlich eine Anderung der Kom- 
ponentenspannung vorliegt. 

Die Trennschirfe des Gerites, mit 
Ausnahme des oben erwahnten Durch- 
lassbereiches, muss jedoch  geniigend 
hoch sein, um die Beeinflussung der zu 
untersuchenden Komponente durch 
beiderseitig benachbarte Komponenten 
zu vethindern. 

Der Frequenzbereich ist 100 Hz... 
2 kHz und die Daimpfung 25 dB bei 
£50 Hz der Mittelfrequenz des Durch- 
lasstereiches. Anschlussklemmen fiir den 
Betrieb eines Schreiters sind vorgesehen. 


EE 24753 fiir weitere Einzelheiten 


KLEINST-POTENTIOMETER 


Miniature Electronic Components Ltd, The Lye, 
St. Johns, Woking, Surrey 


(Abbildung Seite 517) 

M.E.C. Ltd stellen unter Lizenz von 
Con-Elco in Kalifornien ein Programm 
von Kleinst-Einstellpotentiometern her, 
die in drei Ausfiihrungen lieferbar sind. 

Der Temperaturbereich liegt zwischen 
—55°C...+180°C, Nennbelastung ist 
23 W und geht bei 150°C auf + W 
herunter. Der Widerstandsbereich geht 
von 10 2 ... 50 k2, Diese Bauelemente 
wurden besonders fiir die Fernwaffen- 
und Raketenindustrie entwickelt, wo 
scharfste Klimatedingungen _ bestehen 
und dusserste Betriebssicherheit von 
grésster Wichtigkeit ist. 


EE 24 754 fiir weitere Einzelheiten 


NF-LEISTUNGSMESSER 


Amos of Exeter Ltd, Weircliffe Court, Exwick, 
Exeter, Devonshire 


(Abbildung Seite 517) 

Die Konstruktion des Modells 157 
lehnt sich eng an die der anderen WEIR- 
CLIFFE NF-Leistungsmesser an. Die 
Skala des 114 mm Drehspulinstruments 
ist fiir 0...10 mW und —20 dB...+10 dB 
geeicht. Alle Belastungswiderstinde sind 
induktionsfrei gewickelt, fiir Dauerbela- 
stung bemessen und mit einer Genauig- 
keit von 0,1% abgeglichen. Einzelabwei- 
chungen des Messwerks kénnen durch 
unabhiangige Regelung  ausgeglichen 
werden. 

Die Eingangsimpedanz wird mittels 
eines grossziigig bemessenen C-Kern- 
Ubertragers angepasst, dessen Kernband- 
stirke von 0,1 mm _ einen linearen 
Frequenzgang ergibt. Fiir einen voll- 
symmetrischen Eingang fiir alle Im- 
pedanzen ist eine Mittelanzapfung 
vorgesehen. Die Isolation ist so bemessen, 
dass das Gerat direkt an eine Réhren- 
schaltung angeschlossen werden kann, 
um die besten Belastungsbedingungen zu 
bestimmen. Zwei Impedanzschalter stellen 
gewahlte Werte zwischen 12...102 in 
Stufen von 0,5 2; Multiplikatoren fiir x 1, 
ta. “zi, 2. he ae ox 2 
x 200, x 500 und x 1000 erméglichen 
schnelle Einstellung jeder Impedanz von 
12... 10k&, 

Ein fiinfstufiger Schalter stellt Bereiche 
fiir 10 mW, 100 mW, 1 W, 10 W und 
50 W_ Vollausschlag ein. Fir jeden 
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Bereich ist die niedrigste brauchbare 
Anzeige ein Zehntel des Vollausschlags. 


EE 24755 fiir weitere Einzelheiten 


ZWO6OLF-KANAL-SCHREIBER 
AB Elektrisk Maimietning, Danderydsgaton 11, 
Stockholm 


(Abbildung Seite 517) 

Die ABEM-Serie direktschreibender 
Registriergerate besteht aus Prizisions- 
instrumenten fiir direkte Aufzeichnung 
von zwischen 1...12 Vorgiaingen niedriger 
Geschwindigkeit; diese Vorginge kénnen 
dem mit Mittelanzapfung versehenen 
Drehspulgalvanometer als Gleich- oder 
Wechselstromsignale zugefiihrt werden. 
Die direkte Aufzeichnung wird durch 
beheizte Schreibstifte auf wachsbeschich- 
tetem Papier erzielt, Die Wachsschicht 
schmilzt, wo sie beim Durchlaufen mit 
den Schreibstiften in Beriihrung kommt, 
und das glinzende rote Papier wird 
sichtbar und bildet eine stark abste- 
chende Spur. Zwei vorgesehene Markier- 
einrichtungen werden zum Aufzeichnen 
von Zeit- und Bezeichnungsmarken der 
Vorginge benutzt. 

Durch Wechselgetriebe kann jede der 
sich erginzenden drei Geschwindigkeiten 
zwischen 1 mm/min und 10 cm/sec 
eingestellt werden. Galvanometer kénnen 
mit einem Innenwiderstand von 1750 @, 
430 2, 100 2 oder 28 2 mit Empfindlich- 
keiten von 25 mm/1 mA, 25 mm/2 mA, 
25 mm/4 mA und 25 mm/8 A geliefert 
werden. Die Registrierpapierrollen sind 
90 m lang und 383 mm breit. Die 
Schreibstifte haben eine Héchstablen- 
kung von 25 mm nach beiden Seiten 
einer Nullstellung. 


EE 24756 fiir weitere Einzelheiten 


REFLEXKLYSTRON-OSZILLATOR 
English Electric Valve Co. Ltd, Chelmsford, 


x 
(Abbildung Seite 517) 

Das _ Niederspannungs-Reflexklystron 
K361 wurde besonders fiir Verwendung 
in Doppler-Geschwindigkeitsmessystemen 
entwickelt, in denen zuverlassige Arbeits- 
weise bei geringster Wartung von gréss- 
ter Bedeutung ist. 

Zu typischen Einsatzbeispielen gehéren 
ein von der Westinghouse Brake and 
Signal Company entwickeltes Gerat fiir 
automatische Geschwindigkeitsregelung 
beim freien Rangieren von rollendem 
Material in Verschiebebahnhéfen und 
ein’ ,,Radar“-Doppler-Geschwindigkeits- 
messer fiir die Polizei. Die mechanische 
Durchstimmung iiber den Frequenz- 
bereich 10 700 MHz...10 725 MHz erfolgt 
mittels einer einzigen Schraubenabstim- 
mung, die in die Kammer hineinragt. 

Die Mindestleistung des K361_ ist 
20 mW. Es ist mit einem Kuppler Type 
UG-40 A/U (Z 830051) zur Verbindung 
mit Hohlleiter Nr. 16 ausgeriistet. 

Fiir den Heizer werden 6,3V 0,6A 
bendtigt, und iibliche Betriebsbedin- 
gungen umfassen eine Schwingkammer- 
spannung von 300V, einen Schwing- 
kammerstrom von 25mA und eine 
Refiektorspannung von —200 V. 


EE 24757 fiir weitere Einzelheiten 
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STABILISIERTE NETZGERATE 
International Electronics Lid, 132-135 Sloane 
Street, Londoa S.W.1 
(Abbildung Seite 517) 

Diese volltransistorisierten Bausteine 
sind auf 1,6mm_ starken verzinkten 
Chassis aufgebaut, die entweder an eine 
Frontplatte oder auf eine Grundplatte 

montiert werden kénnen. 

Hergestellt werden z.Z. Bausteine fiir 
100 mA, 200mA, 350mA und 500mA 
Stromentnahme und 200V, 250V und 
300 V Nennspannung. Ausserdem haben 
alle Gerite zwei 6,3 V 5A Heizspan- 
nungswicklungen; eine derselben hat 
eine Mittelanzapfung. 

Die Einheiten sind durch Netz- und 
Ausgangssicherungen geschiitzt. 

Die Ausgangsimpedanz ist fiir 500 kHz 
unter 0,52, die Effektiv-Restwelligkeit 
unter I1mV und der Stabilitatsfaktor 
400: 1. 

Die ersten Modelle einer transistori- 
sierten Netzgeratserie fiir niedrige Span- 
nungen sind auch lieferbar. Die Gerite 
geben fiir jede Spannung zwischen 5... 
50 V 2A ab und vermeiden durch eine 
Schalttechnik Verwendung vieler paral- 
lelliegender Transistoren. Erweiterung 
der Serie durch Gerate fiir Stroment- 
nahme von 5A und 10A ist vorgesehen. 


EE 24758 fiir weitere Einzelheiten 


LINEARES POTENTIOMETER 


General Controls Ltd, 13-13 Bowlers Croft, 
Honywood Road, Basildon, Essex 


(Abbildung Seite 518) 

Dieses lineare Prazisions-Potentiometer 
mit entlastetem Aufhingeschleifer wurde 
entwickelt, um auch unter schwersten 
Stoss- und Schwingungsbedingungen die 
Schleiferabhebung vom Widerstands- 
element zu verhindern. In dem Instru- 
ment wird ein U-férmiges Schleifer- 
element zwischen der Kollektorstange 
und dem Widerstandselement im Druck- 
gleichgewicht gehalten. Jede Fremdkraft, 
die auf Anderung des Schleiferkontakt- 
druckes hinwirkt, ruft eine gleichgrosse 
entgegenwirkende Reaktion auf der Kol- 
lektorseite des U-Schleifers hervor, 
wodurch konstanter Schleifenkontakt- 
druck aufrecht erhalten wird. In einem 
System dieser Art sind Kontaktrauschen 
und Ungleichférmigkeit des abzugrei- 
fenden Signals dusserst gering, und 
Beschidigung des Widerstandselementes 
als Resultat des Schleiferdruckes wird 
vermieden. 

Bei einem Widerstandsbereich zwischen 
1002... 10k2 sind bis zu fiinf Anzap- 
fungen einschliesslich Endverbindungen 
médglich. 

EE 24759 fiir weitere Einzelheiten 


AUTOMATISCHES 
MW-PEILGERAT 
Marconi’s pn — i Co. Led, 


(Abbildung Seite 518) 

Das Peilgerat Type ND 103 benutzt 
das Bellini-Tosi System mit einem festen 
Rahmen und automatisch eingestellter 
Goniometerspule, die nach dem Nullver- 
fahren arbeitet. 


ELECTRONIC ENGINEERING 





In einem einzigen kompakten Gehause 
und fiir Tischmontage geeignet, sind ein 
empfindlicher Empfanger und das Radio- 
Goniometer untergebracht. Das Gerat 
ist hauptsichlich fiir automatisches 
Arbeiten konstruiert, jedoch auch mit 
Handbedienung ausgeriistet. Die wich- 
tigsten Regelelemente fiir automatischen 
Betrieb sind leicht zuginglich und unter 
einer Klappe bequem angeordnet. 


Auf der fiir leichte Ablesung geneig- 
ten Frontplatte befindet sich links die 
Abstimmskala und rechts die Peilanzeige 
mit dem Abstimmeter zwischen den 
Skalen. 


Das Gerit ist zum Einbau mit allen 
fiihrenden Kreiselverstarkermodellen 
geeignet, und dadurch braucht der 
Steuerkurs des Schiffes nicht festgestellt 
zu werden. Es entspricht in jeder 
Beziehung den Vorschriften der eng- 
lischen Postbehérden fiir Schiffsgerate. 

Fir automatischen Betrieb ist die 
Peilgenauigkeit besser als +1%, und ein 
eingebauter Quarzeicher dient der 


Skalenpriifung. 


Unverziigliche Umschaltung von “auto- 
matisch” auf “manuell” ist vorgesehen, 
um schwache Signale in Gegenwart 
starker Signale, z.B. bei Notsignalen, 
anpeilen zu kénnen. 

Der Empfangerausgang speist einen 
Lautsprecher, Kopfhérerbuchsen _ sind 
jedoch auch vorgesehen. Der Frequenz- 
bereich liegt zwischen 250... 550 kHz. 
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P.V.C.- 

HOCHTEMPERATURSCHLAUCHE 
Permanoid Ltd, New Islingt Manchester. 4 

Permanoid hat fiir Hochtemperatur- 
verwendung oder -bearbeitung = einen 
neuen P.V.C.-Schlauch mit Viskoseseide- 
armierung eingefiihrt, der der Britischen 
Norm BS 2848:1957, Type 1, Klasse 
105T entspricht. 

Der Permanoid Viskoseseideschlauch 
verbindet die Vorteile der eingebauten 
Textilieneinlage und des P.V.C.-Mantels, 
ohne irgendwelche der Nachteile zu 
haben. Viskoseseideverstarkung gibt 
Biegsamkeit in der Benutzung und ver- 
hindert Schrumpfen wahrend des Ofen- 
hartens, Ein aus Weich-P.V.C. beste- 
hender dAusserer Uberzug erhdht die 
Dichte und fiihrt zu grésserem Wider- 
stand gegen Trankéle oder -lacke, 
wodurch die Gefahr des mechanischen 
Versagens wihrend der _ Bearbeitung 
effektiv verringert wird. Er hat gute 
Alterungseigenschaften, ist tropenschim- 
melfest usw. und fiir Dauerbetrieb in 
Temperaturen bis zu 105°C geeignet. 





Er wird in elf Farben (einschliesslich 
schwarz und weiss) und fiir Innendurch- 
messer von 0,5... 5,0mm geliefert. 

Bei Priifung nach BS 2848 ist der Iso- 
lationswiderstand nicht unter 1000 M2 
und die Durchschlagsspannung 3 kV. 
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HF-BRUCKE 
Hatfield Instraments Ltd, Crawley Road, 
orsham, ssex 
(Abbildung Seite 518) 

Die HF-Briicke ist direkt 
Bereichen fiir Widerstinde von 102... 
10M&, Kapazititen von 0... 0,025 uF 
(niedrigster Bereich 0...2pF), Leit- 
werte von 0...100 mmho (niedrigster 
Vollausschlag 0,01 mmbho), _Induk- 
tivititen von 0,4 «...100 mH und 
Blindwiderstande von 42...1 M2 geeicht. 
Alle Messungen kénnen iiber einen 
Frequenzbereich von 15 kHz... 15 MHz 
vorgenommen werden; die Widerstands-, 
Kapazitats- und Leitwertbereiche sind 
frequenzunabhangig; die Induktivitats- 
und Blindwiderstandseichung __ bezieht 
sich auf » = 10’. 

Auf der schragen Frontplatte sind 
zwei geeichte Skalen, die beiden Bereich- 
schalter, Nulleinstellung und zwei ko- 
axiale Buchsen fiir Quelle und Detektor 
angeordnet. Auf der oberen Platte 
befinden sich sechs Buchsen fiir Erd-, 
Null-, Gemeinschafts- und drei Bereichs- 
verbindungen zu den zu _ messenden 
Geraten oder Bauelementen. 

Verbindungen werden mittels gefe- 
derter Einschubstecker leicht hergestellt. 
Die Einschubmethode ist auch fiir 
schnelles Auswechseln von Vorrich- 
tungen in Reihenpriifung sehr niitzlich. 
Als Zusatzgerat lieferbare Transistor- 
Anpassungsgerate kénnen auch direkt 
eingeschoben werden. 

Die Briicke kann mit jeder geeigneten 
Quelle und Anzeige benutzt werden. Fiir 
Betrieb mit fester Frequenz wurde fiir 
die Briicke der Quellen- und Anzeige- 
baustein LE 302 mit » = 10’ entwickelt. 
Dadurch kann die Briicke direkt in 
Induktivitét geeicht werden. Bei Einbau 
dieses Bausteins in die Briicke findet ein 
Milliammeter als Detektor Verwendung, 
das, wie in der Abbildung  gezeigt, 
zwischen den beiden Skalen angeordnet 
ist. 


in fiinf 
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TRANSISTOR-TESTER 
Microcell Ltd, Blackwater Industrial Estate, 
Camberley, Surrey 


(Abbildung Seite 51/9) 

Der Tester ist fiir Messung der Para- 
meter von pnp und npn Transistoren mit 
hoher Genauigkeit konstruiert. Ver- 
schiedene im Gerat eingebaute Vorrich- 
tungen werden besonders dem Schaltungs- 
ingenieur Zustatten kommen, der genauere 
Information iiber einzelne Transistoren 
benétigt als die normalerweise vom 
Hersteller angegebenen. Er ist besonders 
zur Auswahl angepasster Transistor-Satze 
geeignet. 

Folgende Parameter kénnen gemessen 
werden : Verstarkungsfaktor, Grenz- 
frequenz, Kollektorreststrom, Kollektor- 
Knickpunktspannung von Transistoren 
(Emitterschaltung) und Knickpunktspan- 
nung sowie Reststrom von Dioden. 

Das Gerit ist durch Differentialeingang, 
Breitband-R6éhrenvoltmeter als  Ver- 
starkungsanzeiger und einen Breitband- 
Oszillator als Quelle gekennzeichnet. Die 
Verwendung eines ROhrenvoltmeters als 
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Anzeiger gleicht wirksam Fehler aus, die 
durch Stérspannungen am _ Verhiltnis- 
Netzwerk auftreten. Der Frequenzgang 
des R6hrenvoltmeters liegt ungefahr 
innerhalb 1 dB von 1 kHz...10 MHz. 
Der Oszillator bestreicht den Bereich von 
1 kHz...10 MHz und gibt iiber diesen 
Bereich eine stabile Leistung innerhalb 
+0 und —1 dB ab. Leistungswechsel mit 
Anderung der Umgebungstemperatur 
werden durch eine Briicken-Reglerschal- 
tung klein gehalten. 

Vollig stabilisierte Stromversorgungen 
stehen fiir den Kollektor mit 2...10 V 
3 A, 0...10 V und 0...100 V bei 30 mA 
sowie fiir Oszillator und R6hrenvoltmeter 
mit 220 mA zur Verfiigung. 

Zur Uterwachung von Kollektorspan- 
nung und -strom sind Profilmessgerite 
iibereinander gestapelt, so dass beide 
gleichzeitig beobachtet werden kénnen. 
Alle Messgeraéte haben vollen Uber- 
lastungsschutz. Der Basisstrom kann auf 
externen Instrumenten iiberwacht werden. 


EE 24763 fiir weitere Einzelheiten 


POTENTIOMETER-SCHREIBER 
W. H. Joens & Co. GmbH, Martinstrasse 55, 
Diisseldorf 


(Abbildung Seite 519) 

Der Linienschreiber ist in einem 
Gehiuse 144 x 144 mm _ untergebracht 
und hat eine Schreibbreite von 100 mm. 
Das Gerat ist volltransistorisiert. Im 
Interesse von Betriebssicherheit und 
Wartung werden keine Elektrolytkonden- 
satoren verwandt, und statt einer 
Normalbatterie wird eine temperatur- 
kompensierte, transistorstabilisierte Span- 
nungsquelle benutzt. 

Der kleinste Messbereich betragt 5 mV 
bzw. 10 4A Gleichstrom, und die 
Einstellgeschwindigkeit fiir Vollausschlag 
ist 1 s. Die Standardausfiihrung ist mit 
Wechselgetrieben fiir acht Papier- 
vorschiibe zwischen 10...1200 mm/h 
und einem Wéahler fiir sechs verschie- 
dene Spannungen zwischen 24... 250 V 
ausgeriistet. Ein zweiter Schleifdraht und 
ein einstellbares Sollwertpotentiometer 
sind eingebaut, um eine Ausgangsbriicke 
zur Anzeige der Sollwertabweichung zu 
bilden. 

Verschiedene mit Kunstharz vergossene 
Steckeinheiten fiir Eingangsschaltungen 
und Verstarker sind nach Bedarf liefer- 
bar. 
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WERKZEUGMASCHINEN- 
STEUERUNG 


The General Electric Co. Ltd, Magnet House. 
Kingsway, London W.C.2 


Ein neues Geriteprogramm fiir Posi- 
tions- und Folgesteuerung ven Werk- 
zeugmaschinen kann von der Electronics 
Division der General Electric Company 
Ltd bezogen werden. 

Beide Systeme verwenden _ ..Logik- 
Bausteine* und benutzen transistorisierte 
gedruckte Schaltungen und Kaltkatho- 
denréhren. Sie sind bedeutend kleiner als 
herkémmliche Gerate, und das praktische 
Wegfallen elektromechanischer Steuer- 
vorrichtungen reduziert die Wartung auf 
regelmiassige elektrische Priifungen. 
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Positionsablesung erfolgt durch rotie- 
rende Digitalwandler, deren digitales 
Ausgangssignal die Arbeitstischeinstel- 
lung in zwei Richtungen angibt und die 
Leitspindelantriebsmotoren steuert. Die 
Steuerung erfolgt mit zwei Geschwindig- 
keiten: 229 cm/min fiir schnellen Durch- 
lauf und einer langsameren Geschwindig- 
keit von 30,5 cm/min zur endgiiltigen 
Einstellung der gewiinschten Position mit 
+0,0125 mm Endgenauigkeit. Das Gerit 
wird bereits erfolgreich mit der Newall 
Lehrenbohrmaschine 2436 eingesetzt. 

Mit der Folgesteuerungsanlage werden 
sowohl Zeitsteuerung wie auch Trig- 
gerung fiir mehrere gleichzeitige oder 
aufeinander folgende Arbeitsginge aus- 
gefiihrt. 

Unter den ausgefiihrten Installationen 
befinden sich eine senkrechte Raum- 
maschine und eine mittelgrosse Spritz- 
gussmaschine. 
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FELDAUSWERTEGERAT 
Servomex Controls Ltd, Crowborough, 
(Abbildung Seite 519) 

Dieses neue Widerstandsanalog _ ist 
eigentlich eine zweidimensionale Aus- 
fiihrung des elektrolytischen Tanks; mit 
Hilfe des Auswertegeraites kann eine 
Karte der Potential- und Flusslinien 


Sussex 


bequem und ohne besondere Erfahrung 
gezeichnet werden. 

Bei Einsatz iiberlegt sich der Benutzer 
sein Problem und verwandelt die Mengen 
in elektrische Feldgréssen. Leitende 
Elektroden werden in jeder gewiinschten 
Form mit Silberfarbe in einer Ebene auf 
Teledeltos-Papier aufgetragen. Die Elek- 
troden werden mit dem FP92 verbunden 
und mit Hilfe eines genau geeichten 
Potentiometers Schleifdrahtanzeigen ein- 
gestellt. Die Anzapfung des _ Schleif- 
drahtes wird durch ein Symmetrie 
anzeigendes Galvanometer mit dem 
Messkopf verbunden. Der Benutzer 
tastet das Feld fiir Symmetrie ab, die 
mit einem Bleistiftpunkt am Messkopf 
gekennzeichnet wird. In wenigen 
Minuten ergeben sich geniigend isoelek- 
trische Linien fiir eine graphische und 
genaue Lésung des Problems. Im allge- 
meinen sind die Resultate auf 5% genau 
und mit besonderer Sorgfalt sogar besser. 
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ULTRASCHALL- 
REINIGUNGSGERATE 


Kerry's (Ultrasonics) Ltd. Warton Road, Strat- 
f ondon E.15 


(Abbildung Seite 519) 
Diese Junior-Serie von  Ultraschall- 
Reinigungsgeraten eignet sich besonders 
zur Reinigung kleiner Teile wie z.B. 





Kugellager- und Kugelkdfigteile, Mess- 
werke und -teile, Edelsteinlager, Uhren, 
Uhr- und Chronometerteile, RdOhren- 
und Wasserreglerteile, Schmuckstiicke 
wihrend der  Herstellung, optische 
Montagen einschliesslich Brillengestelle, 
Linsen usw. 

Ausser fiir die oben genannten und 
viele anderen Elemente kann die Junior- 
Serie von Ultraschall-Reinigern auch im 
Labor zur Bewertung von Ultraschall- 
Techniken benutzt werden. 

Die Betriebsfrequenz des Gerates ist 
40 kHz, und die Wandler sind in den 
Boden eines Behilters aus rostfreiem 
Stahl _eingebaut. Der Behandlungs- 
behdlter ist auf einen Sockel montiert, 
so dass das Gerat entweder auf einem 
Tisch aufgestellt oder in cine normale 
Uhrenreinigungsmaschine eingebaut 
werden kann, um einen Teil des 
normalen Reinigungstaktes zu _ bilden, 
der Waschen, Spiilen und Trocknen 
einschliesst. In vielen Fallen kénnen 
Teile ohne Demontage gereinigt werden, 
wodurch die Gefahr mechanischer 
Schaden vermieden wird. Klingende 
Schmutzfilme wie z.B. Polierrot, Tripoli 
usw. kénnen leicht entfernt werden. 

Drei Standardgréssen sind lieferbar, 
die alle vom Ultraschall-Generator Type 
L.325 getrieben werden und ungefahr 
250 W Impulsleistung haben 
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Zusammenfassung 


der wichtigsten Beitrage 


Schnelles Digital-Messwerterfassungssystem 


von H. Fuchs und J. R. Wastall 


Das in diesem Beitrag beschriebene schnelle Digital-Messwerterfassungssystem wurde zur Uber- 
wachung der Messwerte zahlreicher elektrischer Geber wie Thermoelemente, Dehnungsstreifen, 
Widerstandsthermometer, Druckgeber usw. entwickelt. 


Die Bausteine, aus denen das System aufgebaut ist, 


besprochen. 
Zusammenfassung des 
Beitrages auf Seite 468-472 


werden beschrieben und ihre Leistung 


Besonders eingehend behandelt wird die Konstruktion eines Abtastgerdtes fiir ziemlich schnelles 
Schalten von Mikrovoltspannungen, eines Datenverstarkers fiir diskontinuierlichen Betrieb mit 


dusserst geringem Rauschen sowie Drift, und eines Analog-Digital-Wandlers mit 0,1 °%, Genauigkeit 
und Dezimalausgabe. 


Das System ist fiir 24-Stunden-Betrieb bestimmt und hat eingebaute Selbstkontrollen. 


Es kann 


Abweichuagen von normalen Betriebsdaten entdecken und in regelmdssigen Abstdnden eine voll- 
standige Aufstellung der Daten herstellen. 


Ein NF-Rauschgenerator 


von N. T. Slater 


Mittels einer Abtasttechnik (sampling) werden 90%, der in einem HF-Band vorhandenen Rausch- 


leistung 
Zusammenfassung des 
Beitrages auf Seite 473-475 


in NF-Rauschen 
Gleichspannungsverstarkers mit seinen Drifteigenschaften. Einfache und wirksame Regelung halt 
den Quellenausgang konstant, und ein Verfahren zur Messung der Endleistung wird beschrieben. 


umgewandelt. Das 


ermoglicht 


Verwendung eines Hochleistungs- 


Das Amplitudenspektrum ist dem der primdren Rauschquelle gleich. 
Der Generator arbeitet nur mit elektronischen Mitteln und hat keine beweglichen mechanischen Teile. 


Transistoren und Transduktoren verwendende Systeme 


von D. A. Ramsay 


Der Spannungs- und Leistungspegel der Transistoren ist begrenzt, und sie sind gegen Tempera- 


turschwankungen empfindlich. Transduktoren sind nicht in dieser Weise beschrankt, und die beiden 
Elemente haben ergdanzende Eigenschaften, so dass ihre Kombination Vorteile gegeniiber Verwendung 
des einen oder anderen allein mit sich bringt. Das trifft besonders zu, wenn ein Transistor-Reglerele- 
ment mit Transduktoren eingebaut wird, wodurch Verstadrker geschaffen werden, die beziiglich 
Ausgangsleistung oder -spannung keiner Einschrankung unterliegen. Auch kénnen Hochleistungs- 
verstarker aus Schaltungen aufgebaut werden, die denen magnetischer Verstaérker analog sind, in 
denen jedoch die Ausgangstransduktorelemente durch Schalt-Transistoren oder gesteuerte Silizium- 
Gleichrichter ersetzt werden; in diesen Schaltungen sind Transduktoren als Reglerelemente sehr 
geeignet. Die niitzlichen Eigenschaften der Transduktoren kénnen besonders in Verbindung mit 
Schalt-Transistoren fiir kleine, robuste Systeme hoher Leistung verwertet werden. 


Zusammenfassung des 
Beitrages auf Seite 476-479 
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Ein Wirbelstrom-Rissdetektor von E, Ruff 


Untersuchung von Schraubenléchern im Flugwerk auf Risse muss mittels schneller, nichtzerstérender 

Zusammenfassung des Priifung erfolgen. Der Beitrag beschreibt solch ein Gerdt, das den Einfluss einer unterbrochenen 

Beitrages auf Seite 480-483 Kurzschlusswindung auf eine Induktivitat benutzt und gibt auch einige aGhnliche Verwendungsmdglich- 
keiten. 


Eine Transistor-Schleusenschaltung fiir Starkstromregelung von M. J. Wright 


Eine transistorisierte Gleichstromverstarkerschaltung fiir Starkstromregelung wird beschrieben. 
Durch Mitkopplung wird der Verstarker zum ungeddmpften Schwingen gebracht und die Endstufe 
zwischen iibersteuertem und gesperrtem Zustand hin- und hergeschaltet. Das Eingangssignal 
Zusemmenfessung des moduliert das Impulsverhdltnis und beeinflusst dadurch den Mittelwert des in eine induktive Ver- 
Beitrages auf Seite 484-487 starkerbelastung gespeisten Stroms. Die Schaltung ist in der Hauptsache fiir Spannungsregelung 
parallelgespeister Dynamos und Alternatoren gedacht; Verwendung fiir netz- oder batteriegespeiste, 

geregelte Kraftquellen wird kurz erwahnt. 
Die Hauptvorteile des Schleusenverstarkers sind hohe Leistung und geringe Verlustleistung im 

seriengeschalteten Transistor. 


Phasenempfindliche Demodulation mit Interpolation von J. S. Johnston 


Der Beitrag beschreibt ein Verfahren, durch das eine wesentlich bessere Anndherung zur Hiill- 

Zusammenfassung des wellenform eines modulierten, niederfrequenten Trdgers erzielt wird als mit iiblicher phasen- 

Beitrages auf Seite 488-490 empfindlicher Demodulation. Das Verfahren setzt einige Vorkenntnis der nominellen Wellenform 
voraus, und eine wichtige sinusférmige Wellenform findet besondere Beachtung. 


Eine einfache konstante Stromquelle mit Netzkompensation von P. Pargas 

Die beschriebene einfache Schaltung gibt einen hochkonstanten Strom fiir den Messschleifdraht 
eines selbstabgleichenden Spannungsteilers ab. Die iiber eine Zeitspanne von 1000 Stunden erzielte 
Langzeitstabilitat ist trotz Netz- und Temperaturschwankungen besser als 0,15 %. 


Zusammenfassung des 
Beitrages auf Seite 490-492 


Fehlerberichtigung in Potentiometer-Funktionsgebern von J. Merchant 


Eine Methode zur Berichtigung der verschiedenen Fehler wird beschrieben, die durch Armbelastung 
und andere praktische Beschraénkungen auftreten kdnnen. 

Fehler, die im geradlinigen Anndherungsverfahren fiir kontinuierliche Funktionen entstehen, 
werden nicht beriicksichtigt. 

Nach dem Verfahren wird das Potentiometer mit Widerstanden belastet, die auf die einfachste 
Abschnittsfunktion Weise zur Erreichung der geradlinigen berechnet werden. Die entstehende 
Funktion wird gemessen und ihre Abweichungen vom Funktionsentwurf benutzt, um berichtigte 
Leitwerte fiir die Potentiometerabschnitte zu kalkulieren. 

Das mittels dieser Leitwerte berichtigte Potentiometer ergibt nunmehr eine Funktion, die dem 
Entwurf viel genauer entspricht. Eine Wiederholung dieser Methode kann die Genauigkeit der 
Funktion weiter erhéhen; in vielen Fallen wird jedoch eine Berichtigung ausreichen. 


Zusammenfassung des 
Beitrages auf Seite 493-496 


Erzeugung von Fourierumwandlungen und -koeffizienen mittels eines Analogrechners von F. C. Harbert 


Zwei Rechneranordnungen zur Darstellung von Fourierumwandlungen und -koeffizienten werden 
beschrieben. Eine Anordnung benutzt Rechnerverstarker und Multiplikatoren, die andere nur 
Zusammenfassung des Rechnerverstarker. Eine Methode wird angegeben, nach der der Frequenzgang eines physikalischen 
Beitrages auf Seite 496-498 Systems mittels eines Analogrechners dargestellt werden kann, sobald das Ansprechen auf eine 
Stufeneingabe bekannt ist. Diese Technik wird durch ein Beispiel erldutert. Eine Erweiterung der 

Rechneranordnungen erlaubt Errechnung der Fourierkoeffizienten einer periodischen Wellenform. 


Ein summierender und differenzierender Verstirker fiir Schwingungsuntersuchungen von M. Kringlebotn 


Es wird angenommen, dass ein Geschwindigkeitsgeber die Signalquelle fiir Schwingungsmessungen 
bildet und dass die Ausgangsleistung des Verstarkers einen Verbraucher niedriger Impedanz treibt 
(e.g. ein Galvanometer mit 25Q Innenwiderstand). In dem zur Integration benutzten Verstarker 
Zusammenfassung des wird das Geschwindigkeits-Eingangssignal in eine Anzeige des Weges umgewandelt ; bei Einsatz fiir 
Beitrages auf Seite 504-505 Differenzierung gibt das Signal eine Anzeige der Abtasterbeschleunigung. Der Verstarker kann 
8 auch fiir lineare Verstarkung des Geschwindigkeitssignals Verwendung finden. 
Die Verstarkerstufen sind in Bezug auf Temperaturschwankungen stabilisiert. Zusdtzliche Gegen- 
kopplung trdgt auch zur thermischen Stabilitat bei. Eine einzige 12,6 V Spannungsquelle wird 
benutzt. 


Ein neuartiger Einzeltransistor-RC-Oszillator von E, T. Emms 
Ein neuartiger Einzeltransistor-RC-Oszillator wird beschrieben, der mit den meisten NF-Transistoren 
Zusammenfassung des schwingt, selbst wenn die Stromverstdrkung des Transistors an der unteren Toleranzgrenze liegt. 
Beitrages auf Seite 506-508 Die Schaltung benutzt eine Abwandlung des Parallel-T-Netzwerkes. Der Einfluss von endlicher 
Transistor-Eingangsimpedanz und -Ausgangskapazitat werden besprochen. 


Verwendung eines Transistors zur Einstellung eines Magnetkernes mit rechteckiger Hysteresisschleife von I. Krajewski 


Es wird gezeigt, dass die meisten lieferbaren Transistoren als Spannungsquellen betrachtet werden 
miissen, wenn sie Kerne einstellen. Danach wird eine Analyse der Grundschaltung fiir Kernein- 
Zusammenfassung des stellung gegeben, die zeigt, dass unter den gegebenen Bedingungen fiir die Einstellwicklung eine 
Beitrages auf Seite 509-511 optimale Windungszahl besteht. Die versuchsmdassige Uberpriifung dieser Ergebnisse zeigt eine gute 
Ubereinstimmung mit der Kalkulation. Eine praktische Schaltung mit Berechnung der Verlustlei- 

stungen im verwandten Transistor wird beschrieben. 
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Decca Type 3000 Twin Tape Unit 


DECCA use 


‘of these 


... and each one of these extremely intricate, accurately 
machined castings represents three completed processes 
— an excellent example of the advantages and savings 
which can be gained by employing the combined 


Machined aluminium resources of Kent Alloys Limited. 
alloy assembly frame. 


Kent Alloys Limited are equipped to supply fully 
precision CAST machined castings in the following materials: 
aluminium, magnesium, copper based alloys and cast iron 


MACHINED 


a 
painte>D YW MENT ALLOYS LIMITED 


ROCHESTER + KENT +- TELEPHONE: STROOD 7674/7 


Member of the Birfield Group 


UNDER ONE ! 
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the OE) Bac 


To make better transformers at lower cost is always 
our objective. Both aims are achieved in the 
COMMODORE series, awarded Full Inter-Service 
Approval Certificate No. 812/9. The 3-piece housing 
enables internal leads to be kept short, which, with the reduced 
number of internal joints and the prepositioning of leads, 
provides greater reliability. That the terminals may also be fitted 
to the base and even the sides of the transformer, offers 
still greater versatility. For twenty years Gresham 
engineers have been improving the design and construction 
of transformers. The COMMODORE series is 
further evidence of the Gresham background of 
knowledge and skill. 


TRANSFORMERS LTD 


ELECTRONICS DIVISION 
Tel FELtham 6661 LION WORKS HANWORTH Middx 
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Dont Panic- 
DIAL 999 


the quick answertoyour problems 





VERNIER 














) Wg Up, 
ov 6G 


NON-SLIP KNOB 








MARK UP PLATE 








OPTIONAL 
LOCKING DEVICE 











AVAILABLE IN: 
3, 5, 10, 15, 20 Turn. 


Right price 
Right size 





Vernier accuracy to 1 part in 1,000. 
Non-slip knob, easily handled. 


White, matt vyback plate can be 
engraved to particular requirements 
or left blank for chinagraph mark-up. 


Black knob fitted as standard—dial 
cover in bright nickel or satin chrome. 





In other finishes or colour to suit 
individual requirements. 














With or without locking device. 


the dial you’ve been waiting for 


y. , DIAL 999 ANSWERS ALL YOUR PROBLEMS OF PRICE, SIZE, 
‘ READABILITY, ACCESSIBILITY & VERSATILITY! 

i P.X.FOXLTD., DEPT. 213 HAWKSWORTH ROAD, HORSFORTH, YORKSHIRE. Telephone: Horsforth 2831/2 

Telegrams: Toroidal Leeds. London: 104, Chisiehurst Road, Orpington, Kent. Telephone: Orpington 21031 

(rdh) 1:00 
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SELENIUM 
RECTIFIERS 


© LOW FORWARD RESISTANCE 
© HIGH BACKWARD RESISTANCE 


Higher current density per plate than any other 
Selenium Rectifier on the market. For example: a 
single phase bridge assembly, using four plates 
§0 x 50 mm. gives a 20V output at 3 amps. If the 
plate size was increased to 100 x 100 mm. the out- 
put would be 20V at 10 amps. 


By varying the combination and number of 
stacks, almost any desired output of current and 
voltage can be achieved. 


Semicron Selenium Rectifiers have many appli- 
cations in electrical equipment, including Power 
Supplies, Elevators, Electric Trucks and Lifting A typical 


Devices, Battery Charging Equipment and Welding characteristic curve 
Plant. of a Selenium 
Rectifier Plate 








| T J. LANGHAM THOMPSON LTD 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: BUShey Heath 2411 (6 lines) Grams & Cables: ‘Tommy Watford’ 


GROUP 
s2ifl 
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FREQUENCY METER 


Series 1795 Mark ll 


The only digital Frequency 














Meter with additional 


remote indicator facilities 


e Brilliant neon digital display is clearly reabable 30 feet away. 


e@ Maximum counting speeds of up to 10 kc/s (4 digits) or 


100 kc/s (§ digits), to an accuracy of + I count, + 0.005%. 


@ When used in conjunction with a magnetic or photo-electric 


pick-up gives direct readout in revolutions per minute. 


LT J. LANGHAM THOMPSON LTD. 


GROUP BUSHEY HEATH - HERTFORDSHIRE * ENGLAND 
Telephone: Bushy Heath 2411! (6 lines) Grams: Tommy Watford. C20/1 
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SILVER 
PLATING 


24 Carat Fine Gold 
Sel-Rex Bright Gold 
Johnson Matthey Gold 
Autronex Acid Gold 
Antimony Doped Gold 
Karatclad Acid Gold 
Technic Gold 


NOILOIL04d 


PRECIOUS METAL DEPOSITORS LTD. 
HEARSALL LANE, COVENTRY. Tel: COV. 73159 
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FREQUENCY METERS 


SIZES : 2}” to 8” 
UP TO 5000 CYCLES 
PROMPT DELIVERY 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
Co. (Hillington) LTD. 


HILLINGTON GLASGOW 


PR OPPPA PDD ID PIII DID DDD DDD DID DID EDL IID EID LD DIPPED DID ODDO 
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MEW 
PERMANOID 


VS 


SLEEVING 





affording in high temperature processing or application INCREASED 
THROUGHPUT, INCREASED RELIABILITY. VISCOSE SILK 
REINFORCEMENT ensures flexibility in use, eliminates shrinkage 
risk in baking. PLASTICISED coating provides increased density, 
increases insulation value giving improved resistance to impregnation 
varnishes, etc., reducing possibility of mechanical breakdown during 
processing. Fully tropical, suitable for continuous operating tem- 


peratures up to 105°C. 


Manufactured to Type 1/Class 105T/BS2848/57 


New Islington + Manchester + Telephone: 


EE 24 109 for further details 
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LIMITED 


COLyhurst 1371 


KA 


combined the 
advantaged of silk 
reinforcement with 
PLASTICISED PVE Oute@ cover 


. KK 


Electrical 
Properties 


Insulation:- not less than 
1000 megohms 
Breakdown Voltage :- 
3000 volts 


when tested in accordance 
with BS 2848 


Availability 


Delivery :- Immediate 
Colours:- Eleven 
Bore dia:- 0.5 mm to 5.0mm 


Write for test sample 
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. in this case up to | Me/s. And the inside of the 
Advance time and frequency measuring counter type 
TCI is rather exceptional. Over 145 transistors and 21 
printed circuit boards have been combined in an ad- 
vanced design to provide the full facilities and high 
performance expected of a first-grade laboratory in- 
strument. 

Nett price in U.K. £350 


Leaflet MY 101 will be forwarded on request. 


SIX FIGURE DISPLAY accurate to 1 count 
FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
TIME MEASUREMENT from | « sec. to 2,777 hours 


PERIOD MEASUREMENT | or 10 periods of input waveform 
down to 10 c/s 


RANDOM COUNTING (totalling over any period 

OUTPUT TIMING PULSES from 10° to 10° p.p.s. 
INTERNAL STANDARD oven controlled | Mc/s crystal 
STABILITY + 1 part in 10° at 25°C 

SELF-CHECK FACILITIES to internal crystal standard 
FREQUENCY MEASURING PERIOD 0.1, 1.0 or 10.0 seconds 
REPITITION OF COUNT manual or automatic 

POWER CONSUMPTION 3W (battery). 14VA (mains) 
DIMENSIONS length 12 in., height 9 in., depth 6 in., weight 12 ib. 


* AND NOW-— Virtually to d.c. with V.L.F. 
Converter type C.A.1. 


Advance COMPONENTS LIMITED 


een PM STRUMENTS DEVESEON Jp 
ROEBUCK ROAD « HAINAULT « ILFORD * ESSEX * TELEPHONE * HAINAULT 4444 = IT/Ab 


ELECTRONIC ENGINEERING 





EE 24 111 for further details 


“Knitting” 


for the 


Sixties 


It takes a brilliant mind and an orderly one 
to design and develop new installations 
and electronic techniques appropriate to 

¢ the problems of the 60’s. The skilful 

Data amplifiers manufacture to these designs by the 

: craftsmen, using every type of aid, is 
equally important. Based on the experience 
Pressure & Load transducers of the Black Knight Research Vehicle 
Programme and a wide range of commercial 
contracts, the standard of neatness and 
Electronic Design Service finish, essential to long trouble-free life is 

: a particular feature of Saunders- Roe 
electronic apparatus. If you have an 
engineering problem, we may be able to 
offer you a solution, based upon the latest 
electronics engineering techniques. 


Automatic typewriter system 
- a 
Torque Measurement 


Counter Timers 





AUNDERS = ROB 
A member of the Westland group of compantes 


ELECTRONICS DIVISION 
OSBORNE WORKS 
EAST COWES ISLE OF WIGHT Telephone :- Cowes 2211 
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This Ediswan Radio DF Compass Tube ends 
parallax errors for the simple reason that the scale 
is printed on the inside face in actual contact with 
the phosphor screen. The scale pigment used is 
completely inert and unaffected by the electron 
beam. It is a dense black and does not fade after 
prolonged use. 

Contrast is further improved by the aluminised 
screen which greatly intensifies the brilliance of 
the trace. 

Anti-Dazzle Face Ali CRTs in this range have 
a concave face, treated on the outside with a robust 
process which eliminates distracting specular 
reflections and gives the impression of a soft matt 
ground glass finish. 


EE 24112 for further details 


EDISWAN 6-in. Aluminised Indirectly Heat- 
ed Cathode Ray Tube for Radio DF Compass 
and other applications. High Brightness 
Level. internal Scale 


Scale Applications The tube is available with 
an octantally corrected scale (31C1) or a uniformly 
graduated scale (31C2). Other versions can be sup- 
plied printed with selected portions of the Smith's 
Impedance Diagram. 

Invitation We should welcome discussions with 
designers and manufacturers who have specific 
requirements involving special scales. 


EDISWAN INDUSTRIAL VALVES & CATHODE RAY TUBES 
Associated Electrical industries Limited 


Radio & Electronic Components Division 
155 CHARING CROSS ROAD, LONDON W.C.2. TELEPHONE: GERrard 8660 
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e ‘ \V, 
ITREOSIL 


HPQ) FUSED QUARTZ 


ee WAG RR FOR SEMI-CONDUCTOR WORK 


High purity fused quartz (H.P.Q.) boats, 
crucibles and tubes are available for 
preparation of hyper-pure silicon. They 


have an exceedingly low content of boron, 


aluminium and other elements detrimental 
to semi-conductors. 


We also manufacture an extensive range of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6 
WALLSEND, NORTHUMBERLAND 
Telephones: Wallsend 62-3242/3 


LONDON : 
9, Berkeley Street, W.1 
Telephone : Hyde Park 1711/2 

















THE PHILIPS 
GM 6014 H.F. 
MILLIVOLTMETER 


Suitable for measuring AC voltage from Provision Technical Data Input impedance: 0.5 Megohm parallel 
Measuring range: 1 mV-300 mV f.s.d. By With3 pF. with plug-on attenuator 6 Megohm 
means of a plug-on attenuator the measuring parallel with 1 pF. 

from 1 kc/s to 30 Mc/s. range can be extended 100 times. Maximum tolerable AC input voltage: 
Accuracy: Z 5% 4 V; with plug-on attenuator 40 V. 


1002V up to 30V in a frequency range 


The spparatus is extremely useful for Frequency ounees. 1 kc/s-30 Mc/s. Mains: 110-245V. 40-100 c/s. 


measurements in the fields of radio, so: pisrRIBUTORS IN THEU.K.: 


television and telecommunication. RESE ARGH & CONTROL INSTRUMENTS LTD 


Manufactured by N.V. Philips, Eindhoven. INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, LONDON, W.C.I. | TELEPHONE: TERMINUS 8444 
(RCLO4I $) 
EE 24 114 for further details 
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a new 
pulse group 
generator 


A study of the diagram may suggest how this instrument 
can be of use in your specific problem. 


Calibrated and continuously variable groups of pulses, 

plus square wave output of continuously variable amplitude 
10mV to 100 volts. Versatile triggering system, external 

or internal. Single groups of pulses by push button. 

For use with the NAGARD 5002 Double Pulse Generator 

or any other generator capable of being externally 
triggered. 


IDEAL FOR COMPUTER TESTING by providing a simulated 
programme of pulses controllable in a great variety 
of ways. 


If you already have a Nagard 5002 Pulse Generator, 
the 5101 will extend its usefulnegs, besides being a good 
square wave generator and triggering device when used 
by itself. 


Ask for data sheet No. 4602. 


$002 DOUBLE PULSE OUTPUT 


1-10.000 GROUPS PER SEC 
—~ 20SEC TOO 2SEC GROUP LENGTH 
— 1'Ocs-1O0Kcss FREQUENCY IN GROUP 
— SQUARE PULSE IOmv-iOOV POSITIVE GOING 18 AVENUE ROAD - BELMONT - SURREY 
= O2uSEC TO 2SEC DELAY 
—~ O2uSEC TO 2SEC PULSE WIDTH Tel: ViGilant 9161-2 


— 200ysV -SOV POSITIVE OR NEGATIVE 


OrmoN@> 
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VIBRATION EQUIPMENT 


provides the 


COMPLETE VIBRATION 
TEST SYSTEM 


meriFieR 


nrrot > 
. €504 


move 


ont em 
poe 
‘ 
oseet 
none 


«5. MODEL E 501 
¢° CONTROL AMPLIFIER 


MODEL E 503 OSCILLATOR 


Control and Measuring Electronic instrumentation is now an 
essential part of any Vibration Test System. Complete Systems from 
250 Ib to 18,000 Ib thrust or individual units to build up existing 
equipment are available. Oscillators with manual or Auto-Sweep 
(to linear or complex laws) control—‘g’ control—Amplifiers—Signal 
Amplifiers—Auto Stroboscope units form part of a comprehensive 
range of units which are available in Case or ready for Rack 
mounting. Complete Racks or Consoles to specification. 


Whatever your vibration problem, whether fatigue, torsional or flexure testing or structural 
snvestigation, consult the Vibration Specialists first. 


GOODMANS INDUSTRIES LIMITED, AXIOM WORKS: WEMBLEY - MIDDX - ENGLAND 
Telephone: WEMbiey 1200 (8 lines) Cables: Goodaxiom, Wembley, England. 
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MODEL PA 1kVA 
POWER AMPLIFIER 


ACCELEROMETER 


MODEL 8/600 
VIBRATION GENERATOR 


POST THIS COUPON for full details of the complete range of Goodmans 
Vibration Equipment. 


INDUSTRIES LIMITED 
Wembley, Middlesex, England. 


GOODMANS 
Axiom Works, 


Please send me a copy of your Vibration Equipment Catalogue 
NAME 


ADDRESS 
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THE A.W.E. ANALOGUE TO DIGITAL CONVERTER 


For tast 
accurate 


transmission 


of data... 


a - 
| 


“ae 


HEHE 
ols 


The A.W.E. Analogue to Digital Converter, 
type A.D.C.1., by performing up to §5,000 
conversions a second, prevents bottlenecks 
caused by lack of speed—the main drawback in 
incorporating such converters in a system. An 
8-bit binary converter, the A.D.C.1. provides a 
reliable link between the two forms of signal. 

Transistors are used throughout the unit to 
ensure resistance to shock and vibration, and 
plug-in boards allow rapid and easy servicing. 


* Extremely High Speed 

* Flexible and Reliable 

% Low Power Consumption 
% Fully Transistorized 

y iclelicmiclmat-(oL aul ialelale, 
% Easy Servicing 


Specifications include provision for both serial and 
parallel digit outputs and for external sample and 
digit drive. The accuracy of the unit is + } the 
least significant digit + 0.25% over a tempera- 
ture range of 0-40 C. Units can be supplied to 
accept analogue inputs whose scale factors range 
from 0-6V to 0-60V. Total power consump- 
tion is only 11 watts from a nominal 230V 
supply. Overall dimensions of the unit are 19 ins. 
X 10.5 ims. X I2 ins. 


ARMSTRONG WHITWORTH EQUIPMENT ru: ccoucester 67011 TELex 4313 
SIR W.G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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these are 


HYDENT 


compression connections 


HYDENT 
connectors are made of high-conductivity copper, plated to give low 
contact resistance and for protection against corrosion. The tool- 
controlled indent guarantees a perfect crimp every time—independent 
of the operator's skill. 


HYDENT 
connectors are available for solid, stranded and flexible conductors to 


British standards. The Hydent range includes insulated and non-insu- 
lated terminal connectors with palms adaptable to standard stud sizes. 


HYDENT 


Connectors are 

widely used by 

1 MANUFACTURER 
Electrical 
Electronic 
Appliance 
Aircraft 
Missile 


2 INDUSTRIAL 
MAINTENANCE 


3 CONTRACTORS 


BICC-BURNDY 
tooling for 
HYDENT 
CONNECTORS 


is speedy, 
sure and simple 


BiCC-BURNDY 


BICC-BURNDY LIMITED PRESCOT LANCASHIRE 





4419 for further details 


OUTSTANDING FEATURES 
ASTOUNDING PRICE 
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NIEE> V.H.F. Signal Generator 


TYPE 204 


for development and testing 


The Signal Generator Type 204 is of 
advanced design, and provides over the 
frequency range | Mc/s to 320 Mc’s, a highly 
stable signal from a constant impedance. 

The facilities provided for modulation are 
comprehensive and the output may be 

either continuous wave, amplitude- 
modulated, pulse-modulated or combined 
amplitude and frequency-modulated. 





1-320 Mc/s in 5 ranges 

Scale length 48 inches on each range 

Crystal Calibration 

A.M., F.M., and Pulse Modulation facilities 
Stabilized output 2uV to 220 mV r.m.s. 
Output Impedance 75 and 52 ohms 
Immediate Delivery 


ALL THIS FOR ONLY £220 
Avenues iti Signal Generators 


AIRMEC LIMITED, High Wycombe, Buckinghamshire, England. Telephone: High Wycombe 2501-7. Cables: Airmec, High Wycombe 
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Immediately 
available 








Versatility... 


auto mn Co le-20) Ol-laelel-la- 
Silicon Power Rectifiers 








[Dalceymakanaceyarall 
Silicon Diodes 


senies Curent Rat) piv. | Bulletin No: 
Manufactured and tested to the most rigid specifications, 


6 | 50tes500 | SR 308 as their field reliability has proved. 
12 50tosS0O SR 308 Stack assemblies can be readily made up by us to meet 


your particular requirements. 
4s 50 to600 SR 304 


sotesoo xsr3i0| INTERNATIONAL RECTIFIER CO. (Gt. Britain) LTD. 
OXTED - SURREY - ENGLAND 


50 to8s00 
SR300B Telephone: Oxted 3215 


IFORNI . 
50 tc600 sR 305 BRITISH ASSOCIATE COMPANY OF INTERNATIONAL RECTIFIER CORP CALIFORNIA USA 


The World's Largest Supplier of industrial Metal Rectifiers—Selenium, Germanium and Silicon 
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In their factories at Blackburn, Mitcham, Southampton, and Waddon, 
Mullard Ltd. use 1.0.1. ammonia and 1.C.1. gas generating plant in the production 
of thermionic valves and semiconductors. In the machines that seal the valves 
used in television receivers, for example, a mixture of hydrogen and nitrogen produced from 
1.C.1. ammonia is used to prevent oxidation of component parts. 


Putting 
ANMONIA 
into the 
picture 


1.C.1. ammonia is the source of 
hydrogen and nitrogen for many 
other applications in the radio 
and television industry. 


1.0.1. ANHYDROUS AMMONIA 

with a guaranteed minimum 
purity of 99.98% is supplied as 
liquid in bulk, in two-ton con- 
tainers, and in cylinders. 


1.0.1. LIQUEFIED AMMONIA 
(industrial quality) 

is a cheaper grade, which 
normally contains at least 99.8% 
of ammonia. It is supplied in 
bulk and in two-ton containers. 
A bulk delivery of ten tons of 
ammonia provides more than 


| million cu. ft of cracker gas 


or |? million cu. ft of nitrogen 


Full information on request 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON 8$.W.1. 


AUGUST 1960 : ELECTRONIC ENGINEERING 





EE 24122 for further details 





hUVISter 


INDUSTRIAL 
TRIODE 


NOW COMMERCIALLY AVAILABLE 
RCA-7586 NUVISTOR 


GENERAL-PURPOSE INDUSTRIAL TRIODE 


The nuvistor—the electron tube of the future— is available now. 


The nuvistor concept, first announced by RCA in the Spring of 
1959, was hailed as a major advance in electron-tube technology. 
Now the first commercial nuvistor, RCA-7586, a general purpose, 
medium-mu industrial triode, opens new vistas to designers of com- 
pact electronic equipment. It is capable of providing high gain with 
low noise as an amplifier and has exceptional stability as an oscillator 
over a wide range of frequencies. RCA-7586 . . . for communica- 
tions, contro! and instrumentation, TV cameras, medical diagnosis, 
test and measurement and other critical industrial applications. 

RCA-7586 incorporates the unique design advantages shown at 
right to assure dramatic improvements in efficiency, performance, 
reliability, flexibility of installation, and economy in circuit design. 


RCA GREAT BRITAIN LTD 


(An associate Company of Radio Corporation of America) 


Lincoln Way, Sunbury-on-Thames, Middx. 
Sunbury-on-Thames 3/0!. 
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Advantages: 


* Extreme ruggedness — all-ceramic-and-metal construction — all 
connections brazed at very high temperatures to eliminate struct- 
ural strain and element distortion often caused by welding... 
exhaust and seal-off at very high temperatures to eliminate gases 
and impurities 


* Small size and light weight—metal shell only 8/10” long including 
peripheral lugs for indexing, less than 4” in diameter; weight 1/15 
ounce (1.9 grams) 


* Low heater power —well below one watt 


* Very high transconductance at low plate voltage and current 
—11500 micromhos at 75 volts and 10.5 milliamperes 


” Very high input impedance 

° High perveance 

* Operation at any altitude at full ratings 

* Exceptional uniformity of characteristics from tube to tube 


* Mechanical ruggedness — will withstand impact acceleration of 
10009. 48-hour low-frequency (60-cps) vibration at 2.59 
acceleration 


© Rigidly controlled during manufacture, and rigorously tested for 
early-hour stability. 100-hour and 1000-hour life performance; 
resistance to shock, low- and variable-frequency vibration, low- 
pressure breakdown. and heater cycling. 
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International Computers 
and Tabulators Ltd. 


use 


solderless wiring devices 


Application of *Taper Pins 


to wiring Harness 


Insertion of *Taper Pins on 





Harness into rear of wire 





relay plug in block. 


*Taper-Pin Connection 


General view of assembly -hop 


...to the end 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept. 14, AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1. 
Tel: CHAncery 2902 (7 lines) Cables: AMPLO LONDON TELEX. Telex. 23513 
Works: Scottish Industrial Estate, Port Glasgow, Scotland. 

TRADE MARK 


* Trade Mark of 
AMP Incorporated. U.S.A. 


SOUTH AFRICA : DISTRIBUTOR : E. S. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREET, P.O. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 P.O. AUBURN, N.S.W. AUSTRALIA 

DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY. LTD. 43-51 NELSON STREET, ANNANDALE, N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN. U.S.A. CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN AND PUERTO RICO 


AP 131 
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RECTIFIER 
BRIDGES 





RATINGS (UP TO 2400 C/s ) CURRENT DERATING CURVE 





oO 
w 


ABSOLUTE 
P.1.¥ 


aavins .D.C.MAX 


? 
i 





100 0-5 





200 0-5 





400 0-5 





DIRECT CURRENT AMPS. 


800 280 0-5 














* FOR DIRECT MAINS OPERATION “40-20 0 20 40 60 80 
DERATE BY A FACTOR OF 2. AMBIENT TEMPERATURE °C. 

















@ For prices, opplications and further details apply 


G.&E.Bradley Ltd 


SEMI-CONDUCTOR DIVISION - Telephone Gladstone 0012 
ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10. 
A Subsidiary Compony of joseph Lucas (Industries) Ltd. 


Joseph Lucas Ltd 
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IN THE 
AUDIO RANGE 





The ‘Advance’ Types H1, J1 
and J2 are the most f 
widely used Audio Signal ' 
Generators in Great Britain for 
Research, Development, Communications, 
Servicing and Education. 


Type Hil 


Frequency range 15 c/s. to 50,000 c/s. 
Sine or Square Wave output. 
Output Voltage (High Impedance). 
Sine Wave, 200 uV. to 20 V., r.m.s. 
Square Wave, 800 »V. to 80 V., peak-to-peak. 
@ Distortion less than 1% at 1,000 c/s. 


Nett Price in U.K. £30 


Full technical details in leaflet M41. 





Type oI — TYPE HI 


Frequency Range 15 c/s. to 50,000 c/s. 
Output (Sine Wave only) 
Into 600 ohms, 0.1 mW. to 1 W. continuously 
variable. 
Into 5 ohms, maximum 0.5 W. 
@ Output Impedance 
600 ohms, unbalanced. 
5 ohms, unbalanced (one side earthed). 
@ Distortion, less than 2% at full output. 


Nett Price in U.K. £236 


Full technical details in leaflet M33. 
Type J2 
Identical with the Type Ji but with output 


voltage meter. 
Nett Price in U.K. £42 
Full technical details in leaflet MB33. 





TYPE J! 


STAND NO. 


COMPONENTS LIMITED 


nae INSTRUMENTS DIVISION [._) 
ROEBUCK ROAD + HAINAULT + ILFORD * ESSEX TELEPHONE: HAINAULT 4444 iT/GO73 
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Need a 
new broom? 


After a while, even the finest 
equipment begins to show its age. 
When orders are coming in fast, 
and peak efficiency is vital— 

are you sure you're equipped to 
keep up with your competitors? 


Perhaps UDT can help. 








UDT helps you replace old 
equipment, add new, out of 
income. Which often means it 
pays for itself out of increased 
profits. 


A nice business-like way to do 
business. 

If you think UDT could help you, 
get in touch with the Manager of 


your nearest UDT office—the 
address is in your local directory. 


United Dominions Trust 
(Commercial) Limited 


United Dominions House 
Eastcheap - London EC3 














MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 260-250v AC 

Outputs Two 4-pin sockets 

Output DC Current 0-100 mA shared between sockets 
Output DC Voltages 150v 200v 250v 

Regulation : 015% 0-025% 0-025%, 

Voltage stabilization Ratio : 0-1/5 0-075/5 0-075/5 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 63V, 2A at each socket 

Size 54” x 54 x 5} 

Weight : Approximately 9} Ibs 

Delivery Early delivery can be given 


PAMPHLET No. 1241b-ON REQUEST 


Other voltages within the range 150-250v can be supplied to order. 
By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. sre rictithcce, tan mat tax, 8. 
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radio interference suppressors 
for high temperature operation 


A range of STC Suppressors employing ENGINE ELECTRICAL EQUIPMENT 
metallised Melinex dielectrics, capable of MAIN POWER GENERATING SYSTEMS 
operation at 125°C and 150°C, to suit the SHORT TERM RATED MOTORS 
following aircraft applications:- POWER SYSTEMS CONTROL EQUIPMENT 





Among the aircraft for which STC Suppressors are specified are:- COMET IV VANGUARD 
BRITANNIA CANBERRA 


RADIO. INTERFERENCE MEASUREMENT SERVICE VISCOUNT eg: MISnEES 


HUNTER 
The STC Radio Interference Measurement Service Department is approved by WESSEX 
192 HELICOPTER HELICOPTER 


the Ministry of Aviation and the Air Registration Board for type testing of elec- 


trical equipment for Radio Interference and also for the design and development RE ey 


of suppressors and suppressor networks to the requirements of B.S.G. 100 and 
E.L. 1716, Section J. Write for details of STC Interference Suppressors to:- 


Standard Telephones and Cables Limited 


[ maga: Registered Office: Connaught House, Aldwych, London, W.C.2 
CAPACITOR DIVISION: BRIXHAM ROAD - PAIGNTON ~- DEVON 
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SOLDERING EQUIPMENT 
by 


ADCOLA 


(Regd. Trade Mark ) 

















ROTATES OR RECIPROCATES 
MECHANICALLY OR 
ELECTRICALLY 


COUNT ON... 


COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 
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(Illustrated) 
4,” DETACHABLE 
BIT MODEL 
(List No. 64) 


PROTECTIVE THE LEXOR “DIS-BOARD” 


SHIELD For Power Extension and Expansion Everywhere 
(List No. 68) 








C.W. 5327. 





EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full Literature and Price List from:— 


LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 


COVENTRY 
EE 24 131 for further details 


owe PHOEN xX 

















Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid, etc. 


PRESS-IN" 


Manufacturers T a R M i N A L S WITH RANGE OF 20 - 300 
AMPS ALL FITTING 


Write for Catalogue 


ADCOLA PRODUCTS LTD., 
GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 3/0! & 4272 Telegrams: Soljoint, London 


SEND FOR LEAFLET SAME MOUNTING RAIL 


D. J. EQUIPMENT (HERSHAM) LIMITED 
43 QUEENS ROAD, HERSHAM, SURREY _ tel: Walton-on-Thames 27672 
EE 24 132 for further details 
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‘S’ Band Low Noise 
Travelling Wave Tube 


Type Ww 1 0/3 E HELIX VOLTAGE Vv COLLECTOR CURRENT 400A 


FREQUENCY RANGE 2°7 33 Ge 8S 


GAIN 23 4B IGURE 6°54dB 














The W10/3E low noise travelling wave tube has been designed specifically 
for use as the R.F. input stage in radar receivers and operates with 

a typical tube noise figure of 65 dB at a gain of 23 dB. 

Optimum performance is achieved when the tube is operated in the 
copper foil solenoid type 495-LVA-003. Input and output circuits are 
constructed in standard 10 cm waveguide. An aluminium foil 

solenoid with coaxial input and output circuits is also 

available under code 495-LVA-006. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 
VALVE DIVISION: FOOTSCRAY : SIDCUP KENT 


COMPONENTS 
Group 





60/SMS 
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RIT AHR S&S HH A L. L. 
Bit) al 


@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATORS, Types 
T.P.G. 100 and T.P.G. 102. 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, 
Transistorised, Printed Circuit. 


@ SCALERS, | Mc/s and 10 Mc/s, Types S.200 and S.20! 
Transistorised, Printed Circuits. 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 
: CAMBRIDGE, ENGLAND 


THE AIRPORT 





HIGH TENSILE BARS up to 4}” diameter. 
ROLLED AND MACHINED BARS up to 6” diameter. 
WIRE in all sizes from 0.0076” diameter upwards. 
STRAND. SHEETS up to 6ft. x 3ft. x jin. diameter upwards. STRIP AND FOIL 


DRAWN SECTIONS MACHINED PARTS NUTS AND BOLTS 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, London Office & Export Sales Department : 
Lancashire. Telephone: Widnes 2022 168 Regent St., W.I. Tel.: REGent 6427 


4vOMa- 


BOLTON 


€ 9 
« 
Sons . 


cvs-—554 
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switching transistors 
for computers 

















TWO WAY. 


hee measured at fy Vee | VCE 'Tjene.t oa 
Description | Yo 'G | Typ, | Max. Max. Max. | 25°C 
» | Typ. | Max. | (¥) (mA) Mc/s) (W) | (W) | CG) | (mW) 





Bi-directional p-n-p transistor 95 |-0.15 -100 6.0 
with excellent switching per- | -0.15 -100; ~ 
formance at relatively high | 

collector currents, having low 

saturation resistance. 


Similar to the TK20 but with a | -0.15 
higher cut-off frequency. | | 125 |-0.15 


| -30 | -12 | 75 | 200 
| 








ONE WAY 
| ) measured at f, | Vop | Voce Tjunc. v 
Ye I | Typ. | Max. | Max. | Max. 95 
| Min. | Typ. | Max. | (¥) (mA) Mc/s) (¥) | (¥) | CC) | (mw) 
} - ——} —_|—__;—_ a 

-26 | *-25 











Description 














Uni-directional p-n-p transistor 125 | 46 | — |-01 -30) — 

To = 0°03,5 (at Ic =-15 mA) | | a 

Ts = 15us 

A transistor with excellent | 

switching performance and 
| 
| 


-10 


very low saturation resistance 


Similar to the TK30 but with a . O -6 
higher cut-off frequency 


+t FE quoted instead of 8 —§|_ Inverse 

















SUMMARY Germanium transistor for general purpose LF telephone and 
OF OTHER STC telegraph carrier systems _ 


INDUSTRIAL 


RANSISTORS Silicon alloy junction transistors for amplifying, switching and contro! 
T . in extremes of ambient temperature TK70 =6TK71 «= TK72 


For amplifiers and oscillators (audio and higher frequencies) TK40 «= TK41)—s TKA2 


Data sheets and further information gladly sent on request. 


Standard Telephones and Cables Limited 


COMPONENTS 
GROUP Registered Office: Connaught House, 63 Aldwych, London, W.C.2. 
TRANSISTOR DIVISION: FOOTSCRAY ° SIDCUP ‘ KENT 
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rom analogue input 
= to digital output 


in Imsee 
to 0-1; 
accuracy 


with the transistorised 
CONVERTER L281 


This equipment, a vital component for fast data logging systems, 
samples an input analogue voltage and gives a digital output 
available in parallel or serial form, in pure binary or binary 
coded decimal. 


Sampling time less than 1 msec, with maximum 
sampling speed 1 kc/s. 


Accuracy to 0.1%. 

Pure binary or binary decimal conversion. 

Internal or external clock facilities. 

Compact construction, 5} in. in standard 19 in. rack. 
Fully transistorised. 


Please write or ‘phone for further information on this outstanding equipment. 


o> INS 
MULLARD EQUIPMENT LIMITED Mullard House - Torrington Piace - London WC1 - Telephone: LANgham 6633 
2 
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on-off- 
OV”) - Of F - 
on-off — 


20,000 times! 


Whether you export your radio, television or 
audio equipments to Scandinavia or not, SEMKO 
approval of components is important to you for its 
own sake. It guarantees a quite exceptional relia- 
bility and safety. 

The Morganite Type ‘V’ switch is rated at 250 volts 
2 amperes and is therefore one of the highest rated 
SEMKO approved potentiometer switches of 
wholly British manufacture. 


The SEMKO series of tests includes 20,000 opera- 
tions at full load without a single permissible (even 
momentary!) mechanical or electrical failure. 
Compare that with the average 2,000 operations 
per year that a switch gets in actual use, and you 
see what the famous ‘S’ symbol on a Morganite 
switch means in terms of service! Fully complies 
with BSS415 too. 


SEMKO approval for a) o> 
Morganite Potentiometer Switches 7 


HHH dO 


SS 
Si 
SS 
SS 


MOOD 


MORGANITE RESISTORS LTD. 


BEDE TRADING ESTATE - JARROW ° COUNTY DURHAM 
TELEPHONE: JARROW 89-7771 


100A /344 
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ONT OF PANEL 


Nev SFvRaRINTED CIHR CvrT=X 
LreESCENT Qu =: 


VEROBOARD introduces a new concept in electronic construction with 
printed circuit advantages at low cost. The pattern of holes and strips of 
copper bonded to Veroboard enable any circuit to be made up quickly in 
a finished form which can go straight into production. Standard Veroboard 
is made in sheets 74° thick, 4-8" wide and 18" long. 


Vero Electronics, a division of Vero Precision Engineering Ltd., South Mill Road, Southampton. Tel: 71061. 


Flexible Insulants YAY / 
to meet every f) 


electrical need 


Cloths and tapes in base materials from 
Cotton Cambrics to Woven Glass and Terylene, When you need a prototype transformer 
coated with specially developed resins. Insulants in a hurry, telephone us. An experi- 
to comply with Thermal Classifications A, E, B, enced engineer can be at your desk 
F and H, combining high dielectric properties within a few hours. 

with mechanical strength and resistance Our range of standard types and mount- 
to flexing and abrasion. ing styles is comprehensive. New and 


Please write for Technical Brochures better types are always being added. 
Whatever your needs may be in the 


transformer field—contact us for a 
better service... NOW. 





(,... that’s all it takes for >\ 
prototypes 


artridge: 


from... 
io0CO LIMITED Cy ee ees asves, sumer. 


ANNIESLAND, GLASGOW, W.3. —Scotstoun 5501/6 y ae sa Rees ot woe aie y 
, Broadway, iw > mT. le a 
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ACCESS a static switching 
system using Cold-Cathode 
Tubes, possesses the 
Advantage of self-indication. 


eC@ess: 


Austin Cold-Cathode Electronic 
Switching System, made 

under licence from the Austin 
Motor Co. Ltd., and Hivac Ltd. 


Seseeepeeeeeeepeeeeeeeeeeeeeeeeeeeeeee eee ee ee eB MASTER CONTROL CUBICLE 


The Control System is 
suitable for many 
applications including complex 
machine tool and 


conveyor installations. 


for 
Technical 
Literature 


TYPICAL APPLICATION: METALWORKING TRANSFER MACHINE 


ELECTRONICS DIVISION 

SAFUSE WORKS - NORTHCOTE ROAD 
STECHFORD - BIRMINGHAM 33 
Telephone: STECHFORD 2277 (5 lines) 


The Donovan Electrical 
Co. Ltd. 
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NEW 
~-BALDWIN 


miniature moving coil meters 


@ In any colour or finish 
@ Open or protected front 
@ Customer’s monogram 











Protected front model — actual size 


AMPS Self-contained, 50 micro-amps to 
10 milliamps. Higher ranges as required 
with external shunt. 


VOLTS 5 to 300 volts, 1000 ohms per volt. 
Ac or pc. External resistance. 


ACCURACY To ss89. Scale length 80°. 


MOVEMENT Particularly robust. Moving coil. Knife- 
edge pointer, zero adjuster. 


CASE Sealed, pressed steel. Open or protected 
front. Weight of movement and case 5¢ oz. 
Available in any colour or finish with mono- 
gram if required. 


DELIVERY 14 days. 


instrument Division 


BALDWIN 
INDUSTRIAL CONTROLS 


Baldwin instrument Company Ltd - Dartford - Keat 
Ti Dartford 20948 & 2641! 

Cables & Telex Baldwin Dartford 

A HARPER GROUP COMPANY 
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Consult 





\Bivch/ 


REGISTERED TRADE MARK 


for 


TOROIDAL 
RESISTORS 











Patented ceramic 
moulding with horizontal op- 
posed copper graphite internal 
brush movement. 


WINDING 
Best quality resistance 
wires to B.S.S. 115. 


WRITE FOR LIST NO. 130 





VITREOUS ENAMELLED RESISTORS 


Ferrule or wire end type: 


full range of 24 sizes—14—250 watts. List 190 


Also makers of:- 
Asbestos Woven Mats. 
Heating Elements. 
Loading Resistors. 


Birch 


Motor Operated Resistors. 
Stud Type Resistors. 
Sliding Resistors. 





e@eorserenraio teaoe mae 


H. A. BIRCH & CO. LTD. 
WOOD STREET, WILLENHALL, STAFFORDSHIRE 
Telephone WILLENHALL 494° 495 * Grams WILOHM WILLENHALL 


LONDON OFFICE: HERGA WORKS, WALLINGFORD ROAD, 
UXBRIDGE, MIDDLESEX Telephone: UXBRIDGE 5211 
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EXTRA HIGH 
SENSITIVITY 


instrument tube 5CLP!1 





THE FIVE-INCH instrument tube 
S5CLP! has a deflection 
sensitivity of 1.7V/cm with 

a useful Y scan of 6 cm. 

A special system of shielding 
the post deflection field from 
the deflection plates in this 
tube allows p.d.a. ratios as 
high as 15 to | to be used 
without pattern distortion. 
The extraordinary deflection 
sensitivity achieved with such 
high p.d.a. ratios profoundly 
affects oscillograph design. 
Bandwidths can be increased, 
amplifiers simplified and power 
supply requirements reduced. 
Write to the address below 
for full details of *Etel’ 
Instrument Tube type 5CLP1. 


* P.d.a. ratios of 15 : 1 possible without 

pattern distortion. 

* Sensitivity 1.7V/cm with useful Y scan of 6 cm. 
* Sensitivity substantially independent of 

final p.d.a. voltages from 10 to 15 kV. 

* High resolution—only 200 mV for a deflection 
of one spot-width. 

* Versatility—by simply altering one potential the 
S5CLP1 may be converted from a very sensitive tube 
to a higher writing speed tube—pulses may be first 
examined and then a single shot photograph taken. 





ELECTRONIC TUBES LIMITED 


KINGSMEAD WORKS - HIGH WYCOMBE 
BUCKS - TEL: HIGH WYCOMBE 2020 
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ABRIDGED DATA 

This is tentative. Final data is being prepared. 
5-inch flat faced 

precision oscillograph tube 5CLP1. 


CAPACITANCES 
X; toX2 ... 0 aoa 
web US sce ws SOF 


One X plate to all other electrodes 

less other X plate 4.0 pF 
One Y plate to all other electrodes 

less other Y plate 2.0 pF 


COMPARE CONDITIONS 
SHOWN IN DATA 
1 and 2 
to see how deflection sensitivity is maintained 
over range of Vas and Vas. 
1 and 2 with 3 
for an illustration of a slightly lower sensitivity 
condition giving higher brightness. 
2 and 4 
for the reduction required in Va4 potential to achieve 
higher writing speeds. 


TYPICAL OPERATING CONDITIONS 

1. 2. 3. 4. 
Vas 10kV 15kV 15kV 15kV 
Vas 10kV 15kV 15kV 3kV 
Va3 1kV 1kV 1.5kV IkV 
Va2 for focus 250V 250V 375V 250V 
Vat 1kV 1kV 1.5kV I1kV 
Vg for cut-off —60V -60V ~90V —60V 
Deflection ¢y 1.7V/em 1.7V/em 2.5V/cm 2.5V/em 
sensitivity (x 7V/cm 7V/cm 11V/cm 11V/cm 
Line width Imm Imm <Iimm <imm 
Useful sy 6cm 6cm 6cm 4cm 
screen area x 10cm 10cm 10cm 6.6cm 





CATHODE 
RAY TUBES 
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A service for Designers 


The possibility of a component change—due to shortage of supplies, in- 
= creased costs or failure to meet specific conditions—is a problem facing 
every designer of electronic equipment. However, one basic component 
can be ‘tailor-made’ from the start, for LAB will supply the precise 
type of Resistor required, ex stock and at the right price. Write for 
aS full technical data, prototype samples and price schedules to:— 























THE RADIO RESISTOR CO. LTD., 


9-11 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDDX. 
Telephone: HARrow 6347 























CARBON 


WATTS 


OHMIC 
RANGE 


TOLERANCES 
+ 





1. Solid 

2. Cracked 

3.*High Stability 

4. Variable ond 
5. V. High Resistance 
6. V.H.F. (Rods & Discs) 


41&2 
1/30—20 
1/10—3 
t 

3 
1/10—1 


10—10M 
1—SOOM 
1—5OM 
5K—2M 
50M—10"* 
10—IK 


5% & 10% 
5% & 10% 
0.5% 1% 2% S% 


5% & 10% 
1% & 2% 





WIREWOUND 
4. Rheostats ... 
8. Vitreous 
7. Cemented ... 


4—500 
3—500 
1—I5 


10—80K 
1—150K 
1—25K 


~+— 


1% 2% 5% 
5% & 10% 








9. Metal Oxide 





i—2 





100—4.2m. 





1% 2% 5% 








* The ubiquitous blue (1%) grey (2%) ‘“HISTABS”’ 


— CITI — °° 104 sow ne YEAng 
al 


THAT V.H.F. rods and discs (5) can be ‘6 


supplied in matched pairs. /\ 2} A 
THAT Rheostats (4) can be made up in twos SS? 
and threes on a common spindle. 








Bran $C — MINIATURE 


BIFURCAT TRANSFORMERS 

\ a eee. AND FINE WIRE WINDING 
Te) honines “ to meet your 
vy) TUNG a special requirements 


siveTs 


Tel HOUnslow 1331 


395 STAINES ROAD, HOUNSLOW, MIDDX- 
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A.C. SOLENOID TYPE SAM/T 


Now fitted with stainless steel guides - six times the life 








Continuous 14 ozs. at }” 
Instantaneous to 5} lbs. 

Larger and smaller 

sizes available 

Also — Transformers to 

7 kVA 3 phase 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 67-4065 
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TRANSISTORISED 


This phase modulated, 2 channel transmitter/receiver—the LANCON 
NM O T O RCYC L wa —is a completely new design incorporating many unique features 

particularly suitable for motor-cycle patrols and large numbers 

are already in service for the Lancashire County Constabulary. 


Features include: 
a A transmitter power of 10 watts and a frequency range of 80-100 Mc/s 
7 The low consumption of 4°5 watts by the receiver in conjunction with a 


device for switching off the transmitter filaments automatically eliminates 
the necessity for external charging of the motor-cycle battery 


Two-way communication whilst travelling at any speed is the 


standard method of operation 
ae A DD i O There is no necessity for the rider to remove his hands from 


the handlebars to operate the radio equipment. 


Two-way range is equal to that of the 
best car V.H.F. radio equipment obtainable 


Micro-telephone unit in headgear provides privacy of communication 
y and eliminates need for windscreen 


The design of the equipment and aerial is such that the 
handling characteristics of the motor-cycle are unaffected 


Special magnetic ‘snatch’ disconnects headgear unit 
in event of accident. 


Equipment is completely watertight and dust-proef 


ACh Ge PIONEERS OF V.H.F. RADIO IN THE UNITED KINGDOM 


For further information please write to: 


THE GENERAL ELECTRIC CO LTD OF ENGLAND 


Radio Communications Division, Ford Street, Coventry, England 
Smmee’s G.E.C. STA. 
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TWO LITTLE SO-LOWS 





and worth a bit of a song, too, for we 
can now produce these very tiny, carbon 
composition volume controls in an 
astonishing range of resistance values, from 


3 M{]Q. down to |ON 
If you can’t believe your eyes, the actual sizes are: 


VS 26 °450" dia. :112’ thick 
VS 32 -312" dia. -150° thick 





tl] 


" 


That’s not all— each has an on-off switch built in! 


If you’re interested we will gladly send full details 
FORTIPHONE LTD. (Dept.1) - COMPONENTS DIVISION - 92 MIDDLESEX ST., LONDON, E.1 





CAYTEL 


STABILISED D.C. POWER UNITS 


AS LARGE AS 30 KILOWATTS 
OR AS SMALL AS A FEW WATTS! 


FOR ALL TELEPHONE APPLICATIONS 
APPROVED FOR P.O. USE 


UNAFFECTED BY WIDE VARIATIONS OF FREQUENCY, 
INPUT VOLTAGE AND LOAD CURRENT 
BETWEEN MAXIMUM AND ZERO 


FREE FROM CYCLIC MODULATION 
HIGH EFFICIENCY 


SUITABLE FOR USE WITH GENERATORS HAVING 
A TYPICAL 30 KILOWATT FREQUENCY FLUCTUATIONS OF + 20% 


STABILISED D.C. POWER UNIT NO MOVING PARTS OR VALVES 


CAYSON ELECTRICS LTD. 


WATFORD 


Telephone: WATFORD 7156, 7177, 7452 
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customer evidence... 


operations 


Modestly we claim that under suitable conditions this 
new miniature will give service in excess of 10 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to 12 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 
ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
FRR 
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") of things 





Westool is the name to remember for 
electric and electronic control gear. 
Westool units are right at the heart of many 
kinds of plant, in many varied industries. 
Whatever your particular needs, Westool 
can meet them—to your complete 
satisfaction — either to your own design 

or to theirs, as you prefer. 


Illustrated left: customer-designed relay panel for 
use in chemical plant, each relay has 
its own persper cover. 
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Control Gear 


ST. HELEN'S AUCKLAND, CO. DURHAM 
Telephone: West Auckland 551 (6lines) Telegrams: Solenoid, West Auckland. 
LONDON: 2 Ashley Place, Carlisle Place, London, S.W.1. Tel: ViCtoria 7301/2 
TIB.135 BIRMINGHAM: 7 Newhall Street, Birmingham, 3. Telephone: CENtral 3901 
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PRESSURE GAUGING -with the heat on! 


If you make a product which needs pressure 
instrumentation or control under extreme 
conditions you should know about the 
Solartron High-temperature Transducer 
N.T. 4-317. Whether it’s engines, weapons, 
missiles—or even plastic toys—you can 
learn more about your product, faster, 
more accurately, with these tiny pick-offs 
which are remarkably stable and linear 
even up to 600° F. 
Small wonder then that Bristol Aircraft 
Limited chose the NT. 4-317 in 
developing their outstanding T.188 
supersonic research aeroplane. 
Pressure ranges are from 100 psig 
to 5,000 psig, compensated 
temperature range is 
—65° F to + 600° F. | 


fen 





- — =- ie 


~ 
a 
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/ ~ ‘ 
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\—/, Go a 
Su (%\ 1 \p ip » : 
»)) ()) | NR BRAG )) Write now for data sheets 
td : , la | 
: ; oS ed, of this and other transducers in | 
ne , a s the Solartron range. 
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THE SOLARTRON ELECTRONIC GROUP LTD 


Transducer Divi 
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For Electronics, Radio 
& Telecommunication 
Fields...... 

conten to 30% Wishes 
po tape 








SHEET Maximum width 24". Minimum thickness 0-006" 


STRIP Maximum width 18". Minimum width 4”. 
Minimum thickness 0-005" 


WIRE Maximum diameter §° Minimum diameter 0-0025" 


Specialities 
High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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STABILISED 
POWER 
SUPPLIES 


MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 

Resonator Supply 250 V — 400 V. 0-50 mA. 

Reflector Supply 50 V — 400 V. 0-50 microamps. 

L.¥. Supply 5.5 V — 6.5 V. D.C. 0-1 Amp. 

Aux. Supply for associated circuitry 400 V. 0-20 mA. 
Stability better than 0.2°% on H.T. lines for input 
variations + 10%,. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex works. 





MODEL 506 


0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1% for input variations +10%, 
and no load to full load current. 

Ripple less than 3 mV R.M.S. 

PRICE £98 ex works. 





MODEL 3798 

0 — 50 V. D.C. 100 mA. 

6.3 V. 5 Amps A.C. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations + 10%, and no load to full 
load current. 

Ripple less than | mV R.M.S. 

PRICE £68 ex works. 








ELECTRONIC 
INDUSTRIES 
LIMITED 


AUGUST 1960 ELECTRONIC ENGINEERING 





EE 24 1$8 for further details 





Voltage straight and level... 


wiTH TEXAS 1 $5000 SILICON ZENER REGULATORS 


SHUNT STABILISERS ... 
The Texas 1Ss000 series of Silicon Zener Regulators have many 








advantages over gas-filled tubes in shunt stabiliser circuits. In 
particular Silicon Zener Regulators do not need a striking voltage 


greater than their running voltage, they are available in a wide range 








of voltage and the Texas 1S5000 series can dissipate up to 8 watts. 








PROTECTION AGAINST TRANSIENT VOLTAGE SURGES 
The ability of the 1S5§000 series of Zener Diodes to handle high power 


surges makes them particularly suitable for the protection of tran- 


sistors against short duration voltage surges. Maximum current 





permitted is much greater than the steady current rating since the 





TYPICAL AMPLIFIER 
duration of the current through the diode is short. ; 








oA r—W/V— 
SMOOTHING ELEMENTS 


The Texas 1S5000 series Zener Diodes can be used as filter com- | — 
Ou \ 


ponents to give an output with low ripple content. The advantages 


of dispensing with bulky chokes and capacitors can be significant. 


8 WATTS - 15 to 150 VOLTS 


e@ 5% or 10% tolerances conventional or reverse polarity or double anode clipper 

e Designed to meet the most stringent requirements e —65°C to + 150°C operation 

JOINT SERVICE TYPES. Many Texas transistors meet CV specifications. If you have a requirement for 
British Inter-Service types please write for full information. 














TEXAS — INSTRUMENTS 


Linmiw?teé so 
DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 6805! CABLES: TEXINLIM - BEDFORD 


9I/A6 
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2% AIRCRAFT RADIO 


‘ 3€ COMMUNICATIONS >< RAILWAYS 
“ on um > ELECTRICAL 3 MOTOR CARS 
——— EQUIPMENT >< COMPUTORS 

3€ TEXTILES >< BUILDING 


and a host of subsidiary industries 


MICA 

In a]l grades, in cut pieces or 
precision stamped to ultra 
close tolerances. Valve bridges. 
Lamp baffle plates. Capacitor 
micas. Heater elements 
(wound and tagged), washers, 
strips. 


WS RARE Qs . 
CONTAINERS The well known 
Delanco vulcanized fibre contain- 
ers have a place in practically 
every industry. Made to your own 
specification or supplied as types 
developed for special purposes. 
Ask for Delanco 
container catalogue. 


High heat 

components moulded to spec. 
with or without inserts. In 
materials to withstand 
working temperatures of 250°c. 
Send for Technical Folder. 





MACHINED COMPONENTS 


In all Delanco materials, 
Bakelite Vulcanized 
Fibres, Leatheroid, Glass 
Fibre, Ebonite, Press- 
pahn. All tools made in 
our own modern and 
extensive tool rooms, 
from up to the minute 
equipment. 


LAMINATES 


In sheets, rods and tubes. 

In all commercial and y 

type approved grades Y 
of paper and cotton G 
base. Extensive Z 
stocks allow for 
immediate 
delivery in most 
cases. Also 
supplied in strips 
and panels to 
close tolerances. 
Copper clad 
laminates for the 
Radio industry. 


VULCANIZED FIBRE & LEATHEROID 


Delanco Vulcanized fibre 

is used extensively 

throughout the electrical 

industry, and in 

mechanical engineering. 

Supplied in sheets 

up to 2” thick down to 

.004". Is also supplied in 

continuous coil or strip, ee 
and can also be supplied KR : — 

in the form of components, . eA 
pressed, formed, or 9 C: > > 
drilled, machine turned — 


or routed. 


BAKELITE TUBE 


Delanco Bakelite tube, 
paper or cotton base is 
used in all industries, 
with a high percentage 
in the radio and com- 
munications field. 
Square and rectangular. 
In 48” lengths, or cut 
to spec, and can be 
pierced slotted and 
grooved. Super High 
gloss finish in addition 
to standard finish, can 
be supplied. 





Anglo-American Vulcanized Fibre Go. Ltd 


CAYTON WORKS BATH STREET LONDON €E.C.1. 
DELANCO WORKS @ LEONARD STREET * LONDON E.C.2 


COMPOSITE INSULATIONS . EBONITE *  PRESSBOARD 
PRESSPAHN . CLOTHS, TAPES AND SLEEVINGS ° PRESSED, TURNED AND MACHINED COMPONENTS 


VULCANIZED FIBRE . LAMINATED BAKELITE . LEATHEROID - MICA 


CLE 3271 Grams: PROMPSERV AVE, LONDON 
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WHY PICK ON US? 


ooo a2 question with many answers 


FO R § P EC | A L | SAT 0 N » because we do electronic assembly 


and wiring, the job for which we are amply equipped and adequately 
financed, superlatively well. 

With a skilled labour force, working in an ultra-modern factory 
under ideal conditions, we are usually able to keep our charges 
lower than your own loaded production costs. And delivery dates 


are guaranteed. For fuller details of this unique service please 


contact Leslie D. Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 





Entrance Hall to the 
Broxlea Works, 15 miles 
from central London on 
the AlO road to 
Cambridge. The Works 
are specially designed 
and laid out to handle 
work for the Electronic 
and Telecommunication 
Industry. 


Trusted by the people 
you trust 

Below are some famous names— 
firms who entrust work to 
Broxlea:— 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Ltd. 
Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 

Enfield Cables Ltd. 

English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 
General Electric Co. Ltd. 


General Precision Systems Ltd.— 
Air Trainers Link Division 
Ilford Ltd. 

International Computers and 
Tabulators Ltd. 


Marconi’s Wireless Telegraph Co. 
Ltd. 

Microcell Ltd. 

The National Cash Register Co. Ltd. 


Pye Ltd. 
A. V. Roe & Co. Ltd. 
Siemens Edison-Swan Ltd. 


Standard Telephones & Cables 
Ltd. 


Telephone Manufacturing Co. Ltd. 
Texas Instruments Limited 


Tube Investments (Group 
Services) Ltd. 


Witton-James Ltd. 


you will be in good 
company if you, too, 
trust Broxlea. 


BROXLEA PRODUCTS LTD. (A.1.D. approved), BROXBOURNE, HERTS. Hoddesdon 4455 
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ae 


“Twitterton/ 


¥ 


Is this really @ a. 


FORMICA ?” 


Yes, this is an interesting example of the use of Formica industrial laminates. Here we have 
a uniselector (one of possibly thousands used in an automatic telephone exchange) made by 
The General Electric Company Limited. Paper-base laminates were provided for the uniselector 
by Formica Limited -they possess very high di-electric strength (that is, they are excellent 
insulators) and conform to the exacting specifications laid down by the G.P.O. 

This is just one more of the many unexpected uses of Formica products. Out of the kitchen 


and into the wide world of telecommunications . .. what will Formica Limited be doing next ? 


FOR MICA. DECORATIVE LAMINATES 


EXTRUDED LAMINATES 
make INDUSTRIAL LAMINATES 


CHAIR SETS 





For full information on any FORMICA product please write to: 
Pormica Limited, De La Rue House, 84-86 Regent Street, London, W.1. Tel: REGent 8020 


la ao” *yorMICcA is a registered trade mark 
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IT COSTS 
NO MORE T0 
BUY THE BEST 


Specify WESTON 
on your equipment 


The demand created by the high quality 
of Weston meters is such that production 
techniques can be employed which enable 
these outstanding instruments to be pro- 
duced at competitive prices. 


There can be no finer advertisement 
for your equipment than the name 
“*Weston”’ on the meters installed 


y " 


SANGAWMO WESTON 


Limirtrtreo 


4 Mc/s coaxial cable system. Terminal repeater equipment installed in Oban by Standard Telephones & Cables 


Lid — part of the transatlantic telephone link. 


ENFIELD MiIDOD xX 


Tel : Enfield 3434 (6 lines) & 1242 (6 lines) Grams : Sanwest, Enfield 


Sw 102 

















MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of The British Xylonice Co. Led 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal, Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. *Grams: Celudol Norwest London 














T.A.78S3 
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AUTOMAT. 
TRANSFORMERS 


tap 


(F <4) } / 


RECTIFIERS 


.-—__—_* 


D.C. 
EQUIPMENT 


hu Lest you COUk bu Y i 


MOORSIDE RD - SWINTON- MANCHESTES 
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The AMPEX FR-600 is an advanced-design data recorder 


; nalogue recorders can 


onventional re é 


Cdapa y A 
4 A ’ i 
gs ’ rn tang 
rec ore 


greate 
Many data fer, requiring a 
expensive 


iteraily aoes 
cord time 


alatda| 


SIVeN 


feature is the 


ing 


ne tape, eliminating the 


shuttle which automatically scans any 
for a separate loop r. Modular | sid-state electronic: 
up in less than 10 minutes, and FM amplifier drift is less than one perce 
24 hours. Other advanced features of the FR-600 include pneumatic tape 
guiding, tension sensing and control stabie search speed and fourteen 
miniature monitor oscilloscopes. For complete information write Ampex Great 
Britain Limited, Arkwright Road, Reading, Berkshire, England. | AMPEX | 
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VEEDER-ROOT 


w 2—60 


When you need 
COUNTING SPEED 





INSTANTANEOUS 
RE-SETTING BY 
PUSH-BUTTON 
OR SOLENOID 














Send for technical information. 


VEEDER-ROOT LTD 


Division W 
King Henry’s Drive New Addington Surrey 
Telephone Lodge Hill 3344-6 











Specify VEEDER-ROOT Quick Reset, High 
Speed Magnetic Counters 


The 1585 (Manuai Reset) and the 1557 (Electrical 
Reset) are designed for accurate, dependable, remote 
indication of machine operation, or for counting 
articles at high speed. Speed ts 3,000 counts per 
minute, manual or electrical reset, 6 figures. Made 
for panel mounting. 











A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. » » With universal fixing centres 





For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 

%* CORE: Wound from a continuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 








WINDING: Of high conductivity copper, insulated with a 





synthetic enamel of the polyvinal acetal-phenal formaldehyde 
resin type, giving good space factor, exceptionally high 
abrasion resistance and prolonged heating resistance. 

FRAME: Of die cast aluminium, incorporating long spindle 
bearings and mounting feet to ensure accuracy and rigidity 


* 


Write for list 615A 
giving full technical 
details of this and other 
models in the Rotary 


Regavolt range. 





of the mechanism in relation to the fixing holes. 


BRUSHES: The brushes are of a special carbon for its 
contact resistance characteristics, shaped to give minimum 


THE BRITISH ELECTRIC RESISTANCE CO. LTD., 
QUEENSWAY, MIDDLESEX 
Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 


loss, Maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 





BRIS41- BxH 
EE 24 167 for further details 


ELECTRONIC ENGINEERING 


AUGUST 





EE 24 168 for further details EE 24 169 for further details 


Specialists in the manufacture of Wirewound Potentiometers for over 

30 years. COLVERN LIMITED are the foremost producers of these 

components in the United Kingdom. 

The extensive range of types in constant production comprises: 

e Standard Wirewound Potentiometers from 1 to 15 watts 
rating and including multi-ganged types. 

e Acom ragga range of sealed wirewound potentiometers and 
wae resistors conform: to British Joint Service 

ifications RCS/121 and L/raz. 
* comprehensive e of Precision Potentiometers, 
including Helical and Sine/Cosine types, many incorporat- 

ing the exclusive COLVERN Cam-correction Device. 


VN, hounil 
TYPE CLR4201 
SEALED OPICAL POTENTIOMETERS 


Designed to operate under extreme climatic 
conditions and to meet the i 


poumaigangens © housed tp e eakaon} Oiied exnald AMPEX Instrumentation Tapes 
ing, and es sealed by a metal back cover and 
neoprene ‘O” is in the spindie-bush assembl: 


CONFORMS TO BRITIS H INTERSERVICE are premium quality magnetic tapes 
STYLES RAC-RAD(CLR.42 Q). 7 RAB-RAF 


are verte mpeg ee: designed for analogue recording 


by any of the basic techniques. 
POTE N ] | ( iY ETF ite Magnetic properties include high 
csinielihctec sehbtehiaiadl ilad Gacsahs: sensitivity, and a wide dynamic range 
and wae in servo syateme. Supplied in the popular to-tarn with a stable output throughout 


version, or with any number Seumel in the helix from 3 to 
20, standards being 3-5-10-15 and 20 turns. The precision- 


ground stsiniess steel sheft is mounted in ballraces giving the life of the tapes. Exceptionally 


smooth torque of 1-14 oz./in. and the machined 
Gussie base has a locating spigot true with the s Z 
SPECIFICATION: 
2 Rating 24 iat per ar + Reston Range: smooth, hard surfaces provide 
70 Q-t0R (2 turn 


Revietence Feierence: Standard, 3.5%. Beet cleaner operation with less oxide 


Absolute ee ee = +0.25° 10- 
c., +0.1° o- 


Effective Reslstance Angi dri rack io 1B shed, offering greater reliability 
tarting Torque: 3 oz./in. 


ek and reduced maintenance. These 
i tapes are available in configurations 
let heme for a wide variety of applications. 
They are offered on acetate or Mylar® 
CAM CORRECTED 
Seely revere te Comer backing films, in thicknesses of 0.6, 


ment 








most accurate Potenti 


duction. In addition to applications in 1.0 and 1.5 mils, and in various 


tronic Computing it is an ideal instrument for 
use as a laboratory standard. 


yy rr widths and lengths. All are supplied 
on high-performance Ampex 





-150kQ @ Resistance pepoumee 


Accuracy: 
Max. Av ee 4 Volts "Spinde|Frack: 
roooV D.C. Effective Resistance 


dinate: 315° 535° —0"- appl Precision Reels or on NAB-type 
Starting Torque: 8.5 ot./in. 


Min. Angie between Tape: 10°. reels. For application information 


Max. Ganged Sections: 4. 


: write to Ampex Great Britain 
ERN a NS., es | 
ROMFORD sie ss veka Oa ! Limited, Arkwright Road, Reading, 


Tis te me eee es ee ek! me fel.) Tel ts) rer 
vou » Berkshire, England. [AMPEX | 
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TROPYDUR CAPACITORS 


fo 
Reliability and Long Life 


Size and Shape: Because of the unique flat oval design combined 
with small physical size, WIMA are ideal for printed circuits and 
where space is valuable. 


TECHNICAL SPECIFICATION 


EE 24171 for further details 





THE 


“54” 


DRAWER 
UNIT 


ALL STEEL 
Stove 
Enamelled 


GREEN 
cs 


OVERALL 
SIZE 
42° HIGH 
35” WIDE 
113” DEEP 


Contains 54 of these drawers, 
each 5” wide 3” high 11}” long. 
54 dividers and 54 drawer cards, 
with each unit. Extra dividers 
6d. each. - 


£ I 8 DELIVERED FREE to 
ENGLAND, SCOTLAND and WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 











Capacity Range: |000pF to Imfd in accordance with international E.6. series. 
Temperature Range: —20°C to + 90°C. 
Power Factor: Less than 1% at 1500 c/s at 20°C. 
Insulation Resistance: Better than 20,000 MQ at 20°C. 


Special Properties: Safe HF contact Low induction. Screened by 


extended outer foil. 


Tolerances: 





STANDARD SPECIAL | 
| 1000 pF to 0.068 mid +20% $10% | 
| 0.1 mfd to | mid + 10% +5% 





CLOSER TOLERANCES 


can be supplied for some values against special orders. 








OFFICIAL 


AVO 


REPAIR SERVICE 


All repairs guaranteed 12 months. 
QUICK SERVICE. Our Staff is fully trained by AVO 
LTD. Final tests and calibration carried out on AVO 
test equipment. Repairs sealed with the AVO seal—the 
mark of Perfection. 


FARNELL INSTRUMENTS LIMITED 
YORK ROAD WETHERBY Tel: Wetherby 2691/2 














FULL TECHNICAL SPECIFICATION AND PRICES FROM:— 


WAYCOM LIMITED 


SOLE U.K. AGENTS 


EMPIRE BUILDINGS, DUKE STREET HILL, LONDON, S.E.1I. 
Tel: HOP 2538/9 
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PLASTIC 
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FLEXIBLE 
TERMINAL 
BLOCKS 


Regd. 


We make 
components 


| of many kinds. 


Our terminal 

blocks 

provide great 
flexibility in 

two planes, and 

can be screwed 

to curved or 

irregular 

surfaces 

without danger 

of shattering. 

The P.V.C. 

moulding is 

easily cut 

with a knife. 

Insulates and grips 
terminal screws firmly 
even if the blocks are 
mounted upside down. 


[BELLING é TT] LTD 


a ae Enfield 3322 > Telegrams: Radiobel, Enfield 








Mechanical Relay Latch 


FOR 
P.O. TYPE 


3000 


This ——s device 
enables the P.O 

type relay to be held in 
the closed position when 
the coil is de-energised 
and until manually re- 
leased. 


Does not impair the 
versatility of che contact 
arrangements, nor affect 
che normal mounting 
position. 
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WILL 
TRIP AND 
HOLD 
ON 


Mustrations show 3000 Type 
Pelay fitted with ‘‘Remote"’ 
& “‘Local"’ release latch. 


EITHER TYPE CAN BE FITTED TO 


A.C. OR D.C. 
IMPULSE 


cs Please send for illustrated leaflet. 


IN A MATTER OF MINUTES 


feck Davos ( Felays u Led 


(OEPT E:) TUOOR PLAC 


TELCE Pr OWE ~ FUM ie 
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YOUR EXIST'ING 3000 TYPE RELAYS 











© \/ 6 


KHO=exceptional stability and 
proved reliability in 


PRECISION 


Wire Wound 


RESISTORS 


THE STANDARD RANGE — 0:19 to 4M Q. 
Stability - better than 002%. 
Temperature coefficients guaranteed. 
Ratings - 4W, {W, 4W, 1W and 2W. 
Tolerances (set at 20°C.) +0-05%, +0-1%, 
+0-25%, 405% and +1% or +001 2 - 
whichever is greater. Matched pairs 
and groups to greater accuracy. 


SPECIAL TYPES made to order, i., 
American equivalents, Miniatures, types 
for printed circuits - also, other 
tolerances, stability, values, temperature 
coefficients, etc. 


DELIVERY — Prompt and reliable 


LAWRENCE ELECTRONICS 


53, Hornsey Road, London, N.7. 
Telephone: NORTH 3445. 
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BRIGHT 
STEEL | 


from stock 


Mild and Spring 
Coils and Lengths 


neh delod am mit aii del aa) 


memming Ltd., 4 Park Road, Mo -y, Birmingham 13 
>| e rt 


Tel: SOU 4511 
(5 lines) 
Birmingham 


If it comes from HEMMING—it comes of good stock 








EXTERNAL & INTERNAL 


MICROMETERS 
* 
HEIGHT 
GAUGES 


STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 52 
PETRE STREET, SHEFFIELD, 4 
London Office:- W. J. Bithell Ltd., 41 Whitehall,'London, S.W.1. 
Scottish Office :- 19 Waterloo Street, Glasgow, C.2. 
A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION 
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Wilkinsons 
fot RELAYS ”0. rvee 3000 


BUILT TO YOUR SPECIFICATION 
Contacts up to 8 changeover 


quick DELIVER 


MAGNETIC COUNTERS 

Counting to 9999 

2 D.C. 15/- each post 1'6 
. 100 


High —\" Type 1!00a S0v 

35/- post | = 

GEARED CAPACITOR MOTORS, 220-240 v., 50 cy., 30 watts, 
300 r.p.m., also spindie for 1425 r.p.m. A very powerful and 
useful motor 75/- post 3/6 

VEEDER-ROOT MAGNETIC COUNTER General 
high speed type with zero re-set. 800 counts per minute up to 
48 volt D.C. 55/- post 2/6. 

RACKS —POST OFFICE STANDARD. 6 ft. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 
FANS INDUSTRIAL TYPE 230/240 Volt A.C. Capacitor Motor, 
16 in. blades in housing with adjustable louvres and filter. Made by 
Beanwy Electric Ltd. RAND NEW in Maker’s original cases. £25 
carriage 25/- 

SELSYN MoTORS 230 Volts 50 cycles BTH Type, $1406 P8 £7 10. 
carriage 

SOLENOIDS suitable for remote control, mechanical indicators, etc. 
12v D.C., 400 M.A. 3} in. arm, } in. movement. 5/- each net. 26 in 
unit for £4 6 8. 


L. WILKINSON (CROYDON) LTD. 
{9 LANSDOWNE RD. CROYDON SURREY 


Grams: WILCO CROYDON 
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purpose 


Phone: CRO 0839 
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Permanent magnets, like many other 
aspects of technology, are making 
spectacular progress day by day 
Remarkable economies in production 
can be effected if experts are consulted 
at the design stage. Eclipse have a 
highly developed research programme 
that makes them leaders in this field. 
Bring Eclipse Permanent Magnets 
into your preliminary design 
discussions—and be thankful 


technical 
literature 


permanent magnets 


ipsce 
lips t 





JAMES NEILL &€ CO (SHEFFIELD) LTD SHEFFIELD ENGLAND 





fELECTRONICS 


_— HARNESSED FOR ENGINEERS 


BE 


2: “ 
A complete range of easy to use instruments and transducers 


are now available for measuring, indicating and recording 


@ TENSILE LOADS 
STRAIN IN MACHINE MEMBERS 
DISPLACEMENT 
FLUID OR GAS PRESSURE 
SHAFT ECCENTRICITY 
GUY WIRE TENSION 
TENSILE CREEP 
DRAW~-BAR PULL 
@ THICKNESS 


TBE? A Electronics BOULTON PAUL AIRCRAFT LIMITED, WOLVERHAMPTON 
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LEWCOS 


@ 


FOR ALL RESISTORS 


Supplied with standard coverings of 
cotton, silk, rayon, enamel and glass. 


THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED - 


Lewcos insulated 
resistance wires 
have been used 
for many years 

for winding 
resistances for 
instruments, 

radio, 

control 

apparatus, 

etc. These 

fine and 

superfine 

wires meet the 
demands of the 
Electrical Industry for 
high precision and 
exceptional properties. 


LEYTON LONDON 








The choice... 


e+e Of the discerning engineer 


> Ama ter: obering 5 at sa 
Of calibrated scale for s 24° 

body diameter. Wei ght 
approx. 7} oz. 


version 

for a 34° 

INuminated 
an he available. 


The Sifam rr 3 Representative 
will be glad to cal: ‘uss your 
instrumentation porch ete ny Write 
or telephone now. 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 
Leigh Court, Higher Lincombe Road, Torquay, Devon 
Torquey 4547-8. 
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Lex or miniature low voltage 


STABILISED POWER UNITS 
Models LT. 12-05 & LT. 24-05 


Fully transistorised. 

Zener diode reference. 

Totally enclosed. 

Cool running. 

Floating output with earth terminal. 
Variable or pre-set control. 


£25-7-0 


each 
with quantity 
discounts. 


Deliver 
Ex Stoc 


PRECISION 
PERFORMANCE 


1. Voltage ranges: 5.5-14V or 18-28V, continuously variable. 

2. Output current 500 mA maximum. 

3. Regulation: better than 0.15% for +10% mains change 
and/or zero to full load. 

4. Ripple: less than 2.5mV. 

5. impedance: less than 0.04 





Full specification No. 138 from 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD, COVENTRY 
EEE «Telephone: COVENTRY 72614 ES 
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52% saving in time and 
money in addition to avoid- 
ing production bottlenecks 
and wastage of materials, is 
really something. Buying is 
simple for each of the three 
cradle sizes has a wide scope 
in cable carrying capacity, 
and Cradleclips are so strong, 
there’s no wastage. 

At every stage of switchgear 
production and wiring con- 
tracts, Cradleclip brings out- 
Standing advantages. 


cradleclip 
really | 
the word 


%& Cuts wiring time i 
by 52% 

%& Combines high 
speed fixing with 
simplicity and 
security. 

%* Brings a new versatility, compactness and neatness to 
your wiring. 

%& Completely insulated and suitable for all climates. 

%& Electrical and mechanical security in all conditions. 

%& Proved in wiring installations throughout the world. 


forget all the other ‘ 
benefits 





cradleclip | 


“ Cradleclip” is a Trade Mark the property 
of Insuload Manufacturing Co. Lra. 
TWICE AS GOOD.. TWICE AS QUICK . 
WHEN YOU WIRE WITH CRADLECLIP ! | 





Proof of facts about how you can save money on wiring 

with CRADLECLIP is contained in our Time and 

Motion Study Report which is available now at your request. 
Send for fully descriptive literature on the Insuloid 
Cradleclip Wiring System now and find out about the other 
Insuloid time and money saving products. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, Wythenshawe, Manchester. 
Tel: WYT 2842 & 3163 
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SENSATIONAL 
TOOLING DEPARTURE 
PRODUCES BLANKS 
AT“KNOCK-OUT”’ PRICES... 


"G ROS LAN D OF COURSE 





Crosland “new ¢ 
90%, of too} Cost, 








BREDBURY, Nr. STOCKPORT, CHESHIRE 
Tel: Woodley 2621 (3 lines) 


LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E.8 
Tel: CLissold 6701/2 
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With great experience in the 
realms of Aviation, Radar and 
Electronic Power Supplies, 
and Voltage Regulators, we 
supply machines tailor-made 
to suit the individual 
requirements of scientific 
laboratories and particularly 
of Technical Education 
establishments. 


! 3 unit motor generator set for Derby and 
District College of Technology. Manufacturers af Automatic 
Voltage and Current Regulators 


NEWTON Rotary Transformers and 


Convertors, High Frequency 


NEWTON BROS. (DERBY) LTD. —— Aicernators and Motor 
D et R BB y Generators, special electrical 
ALFRETON ROAD, DERBY equipment for Technical 


Education. 
Why not consult us your with queries? Our Technical 


PHONE DERBY 47676 (4 LINES) GRAMS DYNAMO, DERBY 
Engineers will gladly visit you to help in your problem. 


London Office. IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 





PROBLEM SOLUTION 


Sequence pumping is occasionally required in ° 
a hand-operated pumping plant which, Type H.C.U. Pumping Plant 


although intended to be used spasmodically, 

must also be guarded against failure of water : 

supply. Other pre-requisites are rough and By means of the two hand valves used in 

fine pumping; isolation and air admittance. conjunction with the baffle valve, sequence 
pumping may be obtained when using the 
Type HCU Pumping Plant which is 
equipped to give Rough Pumping and Fine 
Pumping, isolation or Air Admittance, and 
water relay to protect the Diffusion Pump 
against water supply failure. In general 

: : the HCU is more suitable where access to 

Rotary pumps, diffusion pumps, valves, the vacuum chamber is not required for 

combined units —these are but a few from production sequence cycles, and where the 

the very full range of equipment now being plant is not likely to be Jeft running over- 

produced for the High Vacuum industry night without supervision. 

by N.G.N.....our technical services are 

being increasingly used to assist and advise 

on problems of High Vacuum. Why not 

make use of them— NOW. 


N.G.N. FOR HIGH VACUUM 
High Vacuum Specialists and Electrical Engineers 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 3561 1-2 
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NEW Boce3 METERS 


NEW MINIATURE NEW CONTEMPORARY METERS 
EDGEWISE METER “VISTA” RANGE 


A completely new range of 
modern style Panel Meters in 
2°—6" mouldings incorporating 
our well-established centre pole 
movement of extreme robust- 
ness. Cases available in various 
colours: sensitivities from 5 


Edgewise Meter, Model! 220. ACTUAL SIZE + ig —, 

A new miniature Edgewise Meter occupying approximately one quarter ery competitive prices. 

panel area compared with meters having equivalent scale lengths. ye OPEN SCALES 
Transparent case provides shadowless readings and design of the 

mouldings allows room for self contained circuitry and components. * MODERN DESIGN 


Our centre pole movement is incorporated, providing inherent mag- 
netic shielding, aliowing meters to be mounted in close proximity * HIGH SENSITIVITY 
Comparative readings can be obtained by mounting two Edgewise 


Wtesere seem eo each ashen, Prompt delivery: prototypes—7 days, quantities—4 weeks 


* MAXIMUM READABILITY * LIGHT We also manufacture a wide range of Electronic Equipment including: Valve Testers; 
Multi-range Meters; Oscilloscopes; Generators Valve Volt Meters; Wobbulators; Audio 


% MINIMUM PANEL SPACE WEIGHT Generators; Bridges, etc. 


Write for TAYLOR ELECTRICAL INSTRUMENTS LIMITED 


= MONTROSE AVENUE, SLOUGH, BUCKS. Telephone: Slough 2138! Cables: Taylins, Slough 
— Member of the METAL INDUSTRIES Group of Companies 


24 x “ee 
pgp NMULTICORE solder 


Mette $H0W 1 


ERSIN MULTICORE 5-CORE SOLDER =  SAVBIT TYPE 1 ALLOY Afade under sole 


The A.I.D. approved type 362 flux, incorporated British Licence of Patent No. 721,881 
in Ersin Multicore 5-Core Solder, is very effective Savbit Type 1 alloy was developed after 
on heavily oxidised surfaces and often allows the : extensive research in the Multicore 
use of a lower tin content alloy. Ersin Multicore Laboratories into the main causes of bit 
s-Core Solder is supplied on 7 lb. reels in wear. It incorporates a small percentage 
9 standard gauges and 6 alloys. Even gauges of copper which prevents absorption of 
from 24-34 s.w.g. are available in 2 alloys on copper from the bit into the solder alloy. 
1 Ib. and $ Ib. reels. After prolonged tests, it was found that 
“4 the life of solder bits was increased by 
up to 10 times. The speed of soldering 
is not affected. 


CONSTITUTION OF oan he SPECIAL ALLOYS 


4 special alloys can be supplied for 
ALLOYS OF ERSIN S | ) particular purposes : 
sw vs se 
296°C. 
T.L.C. alloy with a melting point of 


Comsol with a high melting point of 
MULTICORE SOLDER ve 
| Sane ~ - 145°C is made from tin, lead and 


The diagram shows : : a 
that all the standard 7° '# p T (Pure Ti A ‘ith iti 
alloys of Ersin Multi- PRINTED CIRCUITS -7. (use Tin) siloy, with 6 melting 
core Solder have a Apa eh point of 232°C, is lead-free. 
adie uate. La. Gn i Leaflet P.C.L. 101 gives full details L.M.P. alloy, with 2% silver content, 
mers a are nasty d of a complete soldering process which melts at 179°C for silver- 
neon the solid end i developed by Multicore Laboratories coated components. 
liquid states. Practical | , _ for printed circuits. 

i 








experience has shown ; , 

that there are advan- | : ‘ 

tages in having a Py 10 30 0530 wo : 

plastic range, e.g. for PERCENTAGE OF TIN (mecrinc pomr or Tin 2320): . = PUBLICATIONS 

tag jointing where the which may occur with other alloys where Laboratory engincers and technicians 

use of 60/40 alloy there is slight vibration while the solder : Sadndion te arte pangs A 

i ct i ti lid. : © o cst 

eet ees eee ; a ; of Modern Solders. It contains data 

. on melting points, gauges, alloys, etc. 














Tel: Boxmoor 3636 (4 lines). Grams and Cables: Multicore Hempstead. 
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FOR BATTERY-OPERATED 
EQUIPMENT 


Actual 
size 


LOW CURRENT 
CONSUMPTION 


>{ HIGH EFFICIENCY 


The Pullin Millimotor has been designed for battery operated 
equipments where low current consumption is essential for long 
battery life. Operating at high efficiency, the Millimotor meets this 
requirement and provides exceptionally good power output for its 
size. It is thus ideally suitable for pocket recorders and portable 
players, etc. Although inexpensive in price, the unit is soundly and 
ruggedly constructed and will operate satisfactorily at temperatures 


of + 50°C. A governed version of this motor will be available shortly. 


AVERAGE PERFORMANCE DATA 


9V. Max. NoLoad Speed 5,600 r.p.m. 

1S gm.cm. No Load Current 30m Amps. 

(‘2ozins) Stall Torque 50 gm. cms. 

4,300 r.p.m. (‘7 oz ins) 

155 m Amps. Stall Current 0°5 amps. 
Efficiency — 50% 


Applied Voltage 
Rated Torque 


Rated Speed 
Rated Current 


MECHANICAL DATA 
Outside Diameter j’ 
Length excluding 
Shaft 
Shafe O.D. 
Length 


Method of Mounting °750” Spigot 
and two holes on P.C.D. °562” 
Connections 2 P.V.C. leads 8” Long 


R. B. PULLIN & CO. LTD. 
PHOENIX WORKS 
GREAT WEST ROAD - BRENTFORD - MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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all types of PRESSINGS 
a o from this 


modern factory 


ots 
“yr 
ve 


CLARKES (Redditch) LTD 


Sinew Works - REDDITCH - Worcs 
Tel: 100 





500,000 - and NOT A 
SINGLE REJECT! 


The unique construction of the Panorama 
Aerial Socket Type CS3 has made it a great 
success. 


SPECIAL FEATURES 


* Completely i lated from chassi 
*% Soldering lugs designed to maintain 
insulation during soldering. 


*& Standard fixing holes and spacings, 
enabling direct replacement. 


* Trouble-free long life. 


PANORAMA RADIO CO. 


73 Wadham Road, Putney, London, SWI5 Telephone: Vandyke 5300 
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YOU are invited to apply for a 
copy of our 1960 illustrated 
brochure and price list which gives 
full details of our wide range of 


fl 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Maiden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quortzce, New Maiden 
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Well-proved design. 


Up-to-date folded section 


construction. | 
SE racks 

Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. = " 

| are engineered to your requirements 
Identical front and rear ; 
frames. ' In the finest quality zinc-coated steels and finished 


Unit doors of any size on in high-relief hammer stove enamel]; other finishes / 
front or rear. available to your own particular specification. ff 


Cooling by blower, extrac- Delivery period for most standard YA 
tor fan or natural convec- Racks is seven days. 


tion without modification to 
METAL PRODUCTS LTD. TE 





rack. 
COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
WATFORD - HERTS GROUP 
Telephone: Watford 2235! Telegrams: Datum, Watford 





atl 


R-F BRIDGE 


with built-in Crystal Controlled Source 
and Detector. 


Provides instant measurements in five directly calibrated ranges. 


Also measures any three terminal network. Adaptors, available 
shortly, will enable most transistor parameters to be measured. 





The wide range of high quality Hatfield 
Instruments includes: 


@ Stabilised D.C. Power Unit. 

@ D.C. Amplifier @ A.C. Power Supply. 
@ Fixed and Variable Attenuators. 

@ Coaxial Switches @ Valve Millivoltmeter. 
@ Balanced Crystal Modulator. 











Write for fully 
illustrated colour brochures P INSTRUMENTS LTD. LTD. 


First with Wide Band RF. Tronsformers 





CRAWLEY ROAD, HORSHAM, SUSSE X Horsham 3232/5 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The for these advertisements is 7d. per word. Minimum charge, I4s. Box number, 
2s. extra, except in the case of advertisements for ‘‘Situations Wanted’’, when it is free. 


Specially Spaced Classified—50s. Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the | 4th of the month for insertion 


in the following issue. 

Display Classified—Full 
Eighth 
Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering’, 28, Essex Street, Strand, London, W.C.2. 


e, £75 (based on specially spaced classified rates). Half Pages, Quarter Pages and 
es pro rata. Copy dates: With proofs, 5th of preceding month. Without proofs, Oth of preceding month. 





OFFICIAL APPOINTMENTS 


ENGINEER WITH SOUND KNOWLEDGE 
of electronics required to develop instruments for 
clinical and research work. Good qualifications or 
previous laboratory experience essential. Knowledge 
of transistor circuitry an advantage. The appoint- 
ment will be for one year in the first instance, salary 
according to qualifications and experience. Apply to 
the Secretary, Guy's Hospital Medical School, 
London Bridge, S.E.1. W 3931 


GOVERNMENT OF WESTERN AUSTRALIA 
An experienced X-Ray Engineer is required for the 
! t and i lation of X-Ray equipment 
in Government Hospitals in Western Australia. 
The successful applicant will join the staff of the 
State X-Ray Laboratory, an organization within the 
Medical Department of the Government of Western 
Australia. a should give full details of their 
experience and qualifications, the names and addresses 
of two referees, and the earliest date at which they 
could commence duties. Salary: Commencing salary 
will be in the range £A 1271 to £A 1379 according to 
experience and qualifications. In special circum- 
stances higher rates would be considered. Conditions, 
sick leave, etc., similar to the State Public Service. 
Two week's annual leave, three month's Long 
Service Leave after 7 years. Assistance towards cost 
of fare will be arranged. Applications in duplicate 
should be made without delay to: Agent General 
for Western Australia, Savoy House, 115 The 
Strand, London, W.C.2, England. Further details 
will be supplied on request to the above, W 3935 





GUY'S HOSPITAL: require an _ Electronics 
Technician to maintain isotope and other electronic 
apparatus. Experience with isotope equipment 
desirable but not essential. The salary will be £710 
to £905 plus London Weighting. Conditions of 
service will be in accordance with the Whitley 
Council for the National Health Service. Appli- 
cations, together with the names of two referees, 
should be addressed tto the Superintendent, Guy’s 
Hospital, London, S.E.1. W 3936 


LONDON COUNTY COUNCIL Norwood 
Technical College. Applications invited for the 
following posts in department of Telecommunications 
and Electronics which provides full-time courses in 
Telecoms, Electronics, Radio Operating and Radar: 
gt me courses additionally included Radio and 

-V. Servicing, T.V. Technology and other specialist 
subjects. Assistants grade B to teach: (i) Radio and 
Electronics in full or part-time courses leading to 
B.LR.E. and C. & G. exams. (ii) Radio Operating 
and Radar in P.M.G. and M.O.T. Radar Certificate 
courses. Special knowledge of and qualifications in 
one or both these subjects necessary. (iii) Machine 
Shop and Workshop Practice and Engineering 
Drawing in full and part-time courses leading to 
C. & G. and G.C.E. exams. (iv) Radio, T.V. and 
Electronic Servicing in courses leading to C. & G. 
and R.T.E.B. exams. Burnham (FE) salaries in the 
range £738— £1,486. Commencing and maximum 
salary depending on age, qualifications and experi- 
ence. Appointments temporary in first instance. 
Application forms from Principal at College (FE3a/ 
EE/1626/8), Knights Hill, S.E.27. W 3923 
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MINISTRY OF AVIATION requires technician at 
Malvern, Worcs., for preparation of technical pub- 
lications on radar and electronic equipment. Quals.: 
Recognized engineering apprenticeship or equiv. 
training in an appropriate trade. N.H.C. or equiv. 
uals. Experience either in radar or electronics. 
revious experience of writing or editing technical 
publications advantageous. Salary £1,005—£1,220 
p.a. Forms from Ministry of Labour, Technical and 
Scientific Register (K), 26, King Street, London, 
S8.W.1, quoting D.446/0A. Closing date 12 August 
1960. W 3920 


PATENT EXAMINERS and Patent Officers. 
Pensionable posts for men or women for work on 
the examination of Patent applications. Age at 
least 21 and under 29 (36 for Examiners), with ex- 
tension for regular forces service and Overseas 
Civil Service. Qualifications: normally first or 
second class honours degree in physics, chemistry, 
engineering or mathematics, or equivalent attain- 
ment, or professional qualifications, oe. A.M.LC.E., 
A.M.L.Mech.E., A.M.LE.E., A.R.I.C. London 
salary (men) £655—£1,460; provision for starting 
pay above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting S/128/60 
and stating date of birth. WwW 3930 


POST OFFICE: (a) Assistant Engineer (At least 
15 posts for men), (b) Telecommunications Traffic 
Superintendent (about 15 posts for men and women). 
All pensionable. Age on 1.9.60: 17} and under 
234 for (a), 24} for (b); with extension for Force: 
service, Overseas Civil Service, and (up to two years) 
established civil service. Duties: (a) technical 
design and development of telecommunications 
equipment, (b) pl ing an g of tele- 
phone services. Qualifications for (a) and (b): 
G.C.E. (or equivalent) in English Language and 4 
other subjects, including 2 at A level obtained at 
same examination from Pure Mathematics, Applied 
Mathematics, Pure and Applied Mathematics, 
Physics, Chemistry. Selection by interview. Salary 
(London, men): (a) £560 at 18, 19, 20, £620 at 21, 
£785 at 25 or over, rising to £1,205; (b) £597.10s. at 
18, £635 at 21, £765 at 25 or over, rising to £1,140. 
Promotion prospects. Write Civil Service Com- 
mission, Burlington Gardens, London, W.1, for 
application forms, quoting (a) 291/60, (b) 303/60. 
Closing date 12th September 1960, W 3928 





TECHNICIAN REQUIRED by Ministry of 
Aviation, Harefield, Middlesex, to assist in making 
precise measurements of electrical quantities in 
connection with the test and calibration of test 
apparatus in the high frequency and microwave 
fields, and in development of new measuring tech- 
niques and apparatus for the above fields. Quals. 
recognized eng. apprenticeshin or equiv. training in 
an appropriate trade. O.N.C., appropriate C. & G. 
Final Cert. or equiv. qualification. Applicants 
should possess an aptitude for, and an interest in, 
experimental lab. work. Salary £720 (age 26)—£900. 
Application forms from Manager (P.E.2207), 
Ministry of Labour, P & E Register, Atlantic House, 
Farringdon St., London, E.C.4. W 3938 


THE EUROPEAN ORGANIZATION for 
Nuclear Research—Cern, Geneva. Has openings 
for Electronics Technicians to design electronic 
circuits (including fast pulse circuits) in the nucleonic 
instrument field. Previous experience of this field is 
not necessary, but a good knowledge of fundamental 
principles is required, together with experience of 
one or more of the following: transistors, pulse 
techniques, radar, nucleonic circuits. Salary and 
allowances tax-free, good social and leave conditions. 
Application forms from: Ministry of Labour (E.9), 
26/28 King Street, London, S.W.1. W 3924 


TECHNICIAN REQUIRED by Ministry of 
Aviation, Harefield, Middlesex, to carry out 
measurements of fundamental electrical quantities 
and on the properties of test apparatus in the audio- 
frequency, radio-frequency and VHF fields. and assist 
in the development of new electrical measurement 
techniques and apparatus in the above fields. Quals. 
recognized eng. apprenticeship or equiv. training in 
an appropriate trade. O.N.C. appropriate C. & G. 
Final Cert. or equiv. qualification. Ability to do 
experimental work and practical exp. in at least one 
of the fields of duties is essential. Salary £900 (age 30) 
—£1,065. Application forms from Manager 
(P.E.2206), Ministry of Labour, P & E Register, 
Atlantic House, Farringdon St., London, io 


THE COLLEGE OF AERONAUTICS 
Opportunity for individual research. The Depart- 
ment of Flight wishes to engage a suitably qualified 
Engineer for research and development work con- 
cerning Instrumentation Techniques applied to 
aircraft and missil Candidates should have a 
background of experience in instrumentation with 
specialist experience in radio telemetry, transducer 
design or magnetic tape recording. A combination 
of mechanical engineering sense with a knowledge 
of electronics including semi-conductor techniques is 
required. The successful candidate will also be 
required to supervise the setting up of equipment 
for experiments in the Instrument and Telemetry 
Laboratories, and in the College aircraft. There are 
ideal facilities for further study. Salary in range 
£1,000 to £1,400 per annum, with contributory 
superannuation and family allowance, commencing 
salary depending upon age, qualifications and 
experience. Single accommodation may be available. 
Applications giving full particulars and quoting the 
names of three referees, to the Recorder, The Col 

of Aeronautics, Cranfield, Bletchley, Bucks. W 3939 





THE SCIENTIFIC CIVIL SERVICE needs men 
and women for pensionable posts as (a) Senior 
Scientific Officers and (b) Scientific Officers in all 
major scientific fields, including Physics, Engineering, 
Chemistry, Meteorology, Mathematics and Biology. 
Age limits: (a) at least 26 and under 32, (b) at least 
21 and under 29. Extension for regular Forces 
service and Overseas Civil Service. Qualifications: 
normally first or second class honours degree in 
science, mathematics or engineering, or equivalent 
attainment; additionally for (a), at least 3 years’ 
relevant (e.g. post-graduate) experience. Selection 
by interview. London salaries (men): (a) £1,233— 
£1,460, (b) £655—£1,150; provision for starting pay 
above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form quoting (a) 
S/53/60, (b) S/52/60. W 3929 


SITUATIONS VACANT 


ASSISTANT EXPERIMENTAL OFFICER 
An opportunity exists for a young man with some 
experience in Experimental Electronics to join a 
section concerned with the maintenance and develop- 
ment of electron’c instruments for use in a research 
laboratory. Applicants who should be at least of 
G.C.E. “O” level or O.N.C. standard, are invited to 
send full details to Box W 3921. 





CLASSIFIED ADVERTISEMENTS 
continued on page 160 
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electronic 
components 


Our long experience in the design and manu- 
facture of electrical components enables us to 
offer a wide range of products which will 
meet with the many requirements of the 
electronic industry today. 

Our technical advisory service is available to 
assist in the design of any special item of 
equipment. 


on 


Illustrated above is a selection from our range of miniature 
bobbins, transformers and chokes. 


On the left is an astatic wound A.F. screened line transformer 
with windings encapsulated in epoxy resin. The insulation 
of the ‘line’ winding provides isolation against voltages 
of 30 KV RMS. 


WHITELEY ELECTRICAL RADIO CO. LTD. 
MANSFIELD - NOTTS - Telephone: MANSFIELD 1762-5 














99-9999 * 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH * CADMIUM - INDIUM ° LEAD - SILVER + ZINC 


These ‘‘ TADANAC”’ Brand metals are) available in the United Kingdom) and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS * LEADENHALL AVENUE * LONDON ° E.C.3 
Telephone : MANsion House, 4521. 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 
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SITUATIONS VACANT Con’ td. ) 


AMPLIFIER Typ bh mls ont Engineer re- 
quired to assist design ~~ development of large 
electronic power te equipment. 
Applicants preferably pe some to degree or H.N.C. 

standard. Write, to Manager Vibration tment, 





INDEPENDENT TELEVISION NEWS LTD 
require Cameraman/Technical Assistants and Opera- 
tor/Engineers to operate camera and electronic 
equipment during transmission time and act as 
Technical Assistants or Engineers outside trans- 
mission periods, constructing and maintaining 
quip with he minimum of supervision. Sound 





W. Bryan Savage Ltd., 8, Dalston Gardens, . 
Middx., giving details of qualifications and ~—. 
25 


AN ENGINEER IS REQUIRED to operate, 
modify and carry out Routine Maintenance Work 
of Electronic Equipment used for Oilfield Survey 
Work. The major part of the work would consist of 
operational duties in the Oilfields. The Company 
operates on a 24 hour a day service, necessitating a 
certain amount of night work. Qualifications 
Higher National a ag or above, ey in 
Electronics, alt certain candidates 
any | a wide Beas yay iene oF Armed 3 Pasees training 
knowledge of FM and Radia- 

} mmf pte mn ved Systems would be advantageous. 
Starting Salary durin 00d ne period of approxi- 
mately 12 months, £1, per year, on a 3 year 
contract. Long Leave of $ td after three years 
with passage paid to and from England. A Company’s 
representative will interview selected applicants in 
London during 13th to 18th r, 1960. 
For further information, apply to: Mr. H. S. Tucker, 
Managing Director, Halliburton Tucker Limited, 
15 Meaden Street, San Fernando, Lene Wik 


DEVELOPMENT ENGINEERS wanted to help 
us with work on transistor circuits and industrial 
instruments. Must have ability to think and analyse 
problems quickly and be able to press projects 
forward with initiative, courage and drive. Ex- 
perience in some related field essential and quali- 
fications in engineering or applied physics useful. 
Non-contributory pension scheme available. Please 
reply, stating all relevant details and initial salary 
required, to Chief Engineer, E'control Ltd., Wilbury 
Way, Hitchin, Herts. W 1366 


ELECTRONICS ENGINEER or Physicist required 
by international company for interesting research 
and development work on new analytical instruments. 
Starting salary in range £1,100 to £1,500 with ex- 
cellent prospects and pension scheme. Applications 
giving full particulars of qualifications and experience 
to Managing Director, Perkin-Elmer Ltd., cons- 
field, Bucks W 1363 


ELECTRONIC TEST ENGINEERS required for 
Photo Electric and Electronic Controls, by rapidly 
expanding and old established company. Knowledge 
of Industrial Control Equipment essential, although 

sitions are available for both Senior and Junior 

ingineers. Permanent positions with Superannuation 
Scheme. Apply Staff Manager, Radiovisor Parent 
Ltd., Stanhope Works, High Path, S.W.19. or 
telephone CHErrywood 3351. W 3933 


ENGINEER REQUIRED for the development of 
electronic instruments. Academic qualifications are 
desirable, but the ability to work with rf. is of 
prime importance. Write, in confidence, to The 
General Manager, Hatfield Instruments Ltd., 
Crawley Road, Horsham, Sussex. W 1370 


LOVIS NEWMARK LIMITED, leading com- 
pany in the design of auto pilots for helicopters are 
expanding their facilities at Development 
Laboratories at Croydon and have the following 


vacancies to be filled immediately. and” 


Assistant Engineers with degree or H.N.C. and 
experience in the field of light Saecenent engineering, 
electronics, electro mechani devices or semi 
conductors, to work on the — ae, installation 
and flight testing of automatic 
mensurate with experience. 
in writing, giving full ie to: 

Louis Newmark Ltd., Prefect Works, away 
Way, Croydon, Surrey. W 351 


ELECTRONIC ENGINEERING 


knowledge of electronic theory with practical 
experience required Junior development engineer 
in radio or electronics would be suitable for the 
junior positions. Minimum salaries £1,023 or 
£1,292 per annum according to experience. Appli- 
cations in writing to the Secretary, I1.T.N., Television 
House, Kingsway, W.C.2. W 1364 





JOIN AN ENTHUSIASTIC TEAM Designers 
required at our Kenton Office working on long term 

ojects of a wide and varied nature in the Electronic, 

lectro/Mechanical and Precision Instrument field, 
Excellent salary and good prospects of advancement 
are assured. 37} hour week. Existing holiday 
arrangements honoured. Apply by ‘phone or write 
to: The Drawing Office Manager, North West 
Machine Design Co. Ltd., 177, Kenton Road, 
Kenton, Harrow, Middlesex. Tel: WORdsworth 
0301. W 1345 





NASH AND THOMPSON LIMITED invite 
applications from qualified personnel and from 
others as assistants for the following positions in our 
Hook Rise and Oakcroft Road Laboratories: 
Chemistry Division. Graduate Chemists specifically 
for development work on electro-chemical systems 
and research and development work in our Radio 
Chemical Laboratory. Laboratory Assistants at 
various levels for work both on electro-chemical 
systems and in radio-chemistry. Sales/Production 
Assistant to cover the sales of organic scintillators, 
plastic phosphors and special chemicals. Electronics 
Division, Senior Electronic Design Engineer with at 
least three years experience and responsibility in the 
design of electronic instruments to lead a section con- 
cerned with the expansion of the Super-Nashton 
Range. Electrical and/or Electronic Engineer, 
preferably with experience of gas filled valves for 
development work on a special project. Test House 
Electronic Component Testers, with or without 
experience, age immaterial. Write stating age, 
qualifications and experience (if applicable) to Chief 
of Research, Nash and Thompson, Ltd., Hook Rise, 
Tolworth, Surbiton, Surrey. W 3934 





SENIOR DESIGN ENGINEERS with Ambitions 
and Design Ability in Radio and Electronics. Fine 
prospects for those with initiative, who can carry 
through their own projects. Wide range of activities 
in expanding Company. Croydon afea. Box W 13 


VERY RARE OPPORTUNITY Chief Designer 
of Electronic Components. Technician with vision, 
flair, qualification and requisite experience in the 
electronic industry is offered this top job in small/ 
medium size progressive manufacturing company 
operating in London. This offer is not suitable for 
men yearning for civil service life or regimentation 
of the large commercial company set-up but is a 
wonderful opportunity for applicant who wants to 
be Key Man of a team striving to build an Industrial 
concern of importance in the electronics industry 
and who is anxious to have his knowledge and ideas 
~~ and fully utilized. Please reply to Box 


OVERSEAS Oil Exploration Company with 
world-wide seismic parties, offers permanent career 
to Electronic Technicians. Work consists in main- 
taining and Operating | electronic recording equip- 
ment under field conditions. Live generally in camp. 
Qualifications: H.N. C. or equivalent essential, with 
practical experience in rae Home leave 
every two years. Box W 34 


SITUATIONS WANTED 


ELECTRONIC ENGINEER (H.N.C.), tired of 
life in London suburb, seeks position on or near 
coast. Outdoor job preferred Anything con- 
sidered. Box W 1367. 


YOUNG KENYA EUROPEAN, (20) Cam- 
bridge Overseas School Certificate in seven subjects, 
studying, two years mechanical engineering in Kenya, 
agencies for over twenty big manufacturers. Good 
references, willing to start at the bottom, seeks 
progressive electronics job. Box W 1369. 


CAPACITY AVAILABLE 








CABLEFORMS AND WIRING. Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Allesley Old Road, Coventry. 


CAPACITY AVAILABLE for Prototype and 
Production runs of Electronic Equipment, Precision 
Machining, Design and Manufacture of Press Tools 
Fixtures and Moulds, Press Work. A.1.D. approved. 
High Precision Engineering Co. Ltd., 102a, Bancroft, 
Hitchin, Herts. Hitchin 4520. W 1335 


PROTOTYPE AND PRODUCTION. Capacity 
offered for all your requirements in the electronic 
and electro- mechanical fields. Highly competitive 
rices and assured deliveries. Newlyn Electronics 
Pua” Fradgan, Newlyn, Penzance. Tel. Penzance 2462 
W 1342 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity production capacity available 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, Coane, 


SMALL LONDON MANUFACTURER has 
capacity available for Experimental or Production 
High Vacuum electronic devices. Box W 1304, 
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EE 24 199 for further details 


If you are searching the horizon for something out of the ordinary in the 


way of transistors, it may not be as far away as you imagine. There’s a whole 
new galaxy of Ediswan Mazda Industrial transistors, and the number is 


constantly increasing. We’ll be 





pleased to send you detailed This could be it! 

. . One of the important additions to our 
specifications of those that meet range is the XB121 germanium pnp alloy 
‘ : transistor with a 105 volt collector break- 
the requirements of the job you down and punch through voltage rating for 
: ; . é high voltage low power switching and 
have in mind if you will send us control applications. 











details on your letterheading. 


E DISWAN Associated Electrical industries Limited 


MAZDA icp 
Radio & Electronic Components Division 


Semiconductor Department, 155 Charing Cross Road, London W.C.2 
SEMICONDUCTORS Tel: GERrard 8660 Telegrams: Sieswan Wescent London 


CRC 15/75 
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LIGHT CONTROL assembly work, small old 
es firm invites enquiries for similar electronic 
bly, coil 1g, glass-blowing, vacuurn 

purine annealing capacities, Sordoviso Switchgear 
Loughborough. W 1320 





METALWORK. All ty cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Litd., Chapman Street, igh y a0 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions 
of all types up to 3 KVA. Prompt delivery. Suppliers 
to B ITA., Universities and ter Industria] 
Concerns. Est. 1922. Phone: SHI: 2 Forrest 


3. 
Transformers Ltd., Shirley, Solihull, Warks. W 350 


EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 


—FREE a+ d post free. B.1.E.T. 
29 Wright's Lane, London, W.8. 


COUNTY ~~ OF BOLTON— 


aopeeee Dee Technical —- 
ull-time Electronic 4 a three 
year course in Electronic Engineering is available. 
hg A eh og Ay 
have taken, or be taking, General Certificate of 
Education courses, which include Mathematics and 
Physics at the ee and/or Advanced level, or 
equivalent courses in Technica! Institutions. The 
Institution of Electrical Engineers accepts the Col 
1 for ption from Parts I and II of 
ieee Examination. This rapidly steams 
industry offers new and attractive openings to 
qualified men, and students who have passed through 
the course are readily absorbed by industry. Further 
particulars may be obtained from the om | sane 





onan RADIO AND ELECTRONICS the 
Way! Very latest system of experi- 

senting with and building radio apparatus—‘as you 
Free Brochure from Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 353 


LOUGHBOROUGH COLLEGE OF TECH- 
NOLOGY instrumentation. A One-year post- 
graduate course in Instrumentation, organized in 
three substantially independent terms of ten weeks 
duration each, is being offered at Loughborough 
College of Technology. The content of the course 
has been planned to provide a good grounding in 
the fundamentals of industrial measurement tech- 
niques with particular emphasis on Instrumentation 
for Control Engineering. Tuition fees—£25 per 
term, £75 full course. College Union Fee—£2 per 
term. Residential accommodation wiil be available 
in one of the Coljege halls. Further particulars can 
be obtained from: Head of Department of Electrical 
Engineering, Loughborough College of Technology, 
Loughborough, Leics. W 3926 


STUDY RADIO Television and Electronics with 
the world’s largest home study organisation. Brit 
LR.E.; City and Guilds; R.T.E.B., etc. Also 
Practical Courses with equipment. No books to 
buy. Write for free Prospectus stating subject to 
L.C.S., Intertext House, Parkgate Road, oar, fat 
London, S.W.11. 


TV. AND RADIO—A.M.Brit.R.E., City & 
R.T.E.B. Certificate, etc., on “NO PASS— 

or terms. Over 95 ‘od cent successes. For 
of Examination and Home Training Courses 
Ccuding practical app apparatus) in all branches of 
handbook Fi oe BLET. (Dep eink! 59 Wright's 
—Free. a t. t's 

Lane ws. wis? 


. London, 


BUSINESS OPPORTUNITIES 


A BARGAIN—4£25 complete. Brand New Ready- 
Made Co. Regns. Guaranteed no trading 
or Scotland)—All Trades available now, including 
Electronic Engineers; Radio TV., General Mer- 
chants; Import Export; Plant Hire; Furniture; 
Fancy Goods; Hire Purchase; Investment; Pro- 
y, etc. Business Economy Co. R Lid., 
pt. T/19, 156 Strand, London, Wel (Tem: 
8377/2294) for English Cos. and to 19 Walker 
i . (Cal. 1167/8/9) for Scottish 
tages of Bey as a Limited 
Limited Co. may save 
you tax. We have seven da Co. Regn. service with 
your own choice of name £21 complete plus a 
duues, W 35 


AMERICAN ELECTRONIC FIRM manufac- 
turing choppers, vibrators, low amperage circuit 
brakers for instrument protection, magnetic amplifiers 
and similar equipment, are interested in operating 
in this country either by direct sales through agents, 
through licensing manufacturers or any other 
suitable method. Manufacturers or agents interested 
are invited to contact box office number W 1365. 





WANTED 


WANTED Ball and roller bearings, also surplus 
goods—especially hand tools of all descriptions. 
For Sale: Metal boxes of strong and sturdy gauge 
and construction with handles, in all sizes. Ask for 
details. R. Pordes, 138, New Cavendish Street, 
London, W.1. Télephone: MUSeum 5250. W 3927 
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COLLEGE OF ADVANCED TECHNOLOGY 
BIRMINGHAM 


DEPARTMENT OF ELECTRICAL ENGINEERING 


Applications are invited for the following Posts : 


RESEARCH FELLOW in new semi-conductors and 


dielectrics, development of new magnetic materials and 
annealing processes or in the field of control engineering. 


RESEARGH ASSISTANTS i 10. semi-conduccors, 


insulators, new magnetic materials, control engineering 
measurements or new instruments. 


Candidates for the Research Fellowship must either have shown 
exceptional promise in research in science or technology, or in industrial 
experience relevant to the proposed subject for research. They should 
possess a good first degree, and a higher degree gained as the result of 
research work; or possess a college associateship or Diploma in 
Technology or appropriate professional qualification followed by 
exceptionally valuable and interesting industrial experience, or 
appropriate research work in industry, research associations or govern- 
ment establishments. Candidates should submit their own research 
proposals for consideration. The appointment will be normally tenable 
for three but mot more than four years. 


Candidates for Research Assistantships should possess a Diploma in 
Technology, a university degree or equivalent qualification. The 
research work carried out may normally be submitted for a higher 
degree or other appropriate alternative higher qualification. The 
appointment will normally be tenable for two years but may be renewed 
for not more than one further year. 
Salary Scales: RESEARCH FELLOWS (Men) £700-£1,150 
(Women) £630-£920 
(Plus equal pay incre- 
ment) 
with graduate and training allowances where applicable. 
Further details can be given on the basis of the applicant's biographical 
data. As an indication, it may be noted that an applicant (man) with 4 
good honours degree, or a Ph.D. gained as the result of five years’ 
approved full-time study would have a starting salary of about £955. 
RESEARCH ASSISTANTS £600-£650 


Further particulars and forms of application from the Bursar, College 
of Advanced Technology, Gosta Green, Birmingham, 4. 
Applications to be received within 14 days of this advertisement. Please 


quote 
K. R. PILLING, Clerk to the Governors. 





INSTRUMENT EVALUATION 


An Electronic Engineer is required to carry out assessment work on a 
wide range of instruments including those used in nuclear power 
generation. This work is of great importance not only to the nuclear 
power programme, but also in the wider field of industrial and scientific 
instrumentation, with the increasing emphasis on reliability. The work 
is of a non-routine nature, and a high degree of experimental skill, 
coupled with a sound general knowledge of measurement techniques, 
is required. Degree or equivalent is preferred. Salary up to £1,150 
with good prospects of advancement. Liberal leave allowance and good 
working conditions in attractive semi-rural surroundings close to 
London. Superannuation scheme. 





Applications, quoting reference TPF, to the Director, 
J. Thomson, M.A., D.Sc., 


British Scientific Instrument Research Association, 
Sira, South Hill, Chislehurst, Kent. 














APC 


INSTRUMENT ENGINEERS 


Experienced Instrument Engineers are required at the. Company's 
Research and Development Laboratories at Heston, Middlesex, where 
metallurgical, engineering and physics research is undertaken to aid 
the design of nuclear power stations. Applicants, who should have 
H.N.C. (Electr.) or equivalent qualifications, will be expected to 
participate in the development of apparatus fer the Laboratory, to 
detect and remedy faults in existing apparatus, and to recalibrate 
instruments where necessary. 








The positions are per and p bl 5 day week. 


Applications giving full details of age, qualifications and experience 
should be sent to: 


The Personnel Manager (Ref. EE/122), 
Atomic Power Constructions Limited, 
P.O. Box 90, 

28 Theobalds Road, London, W.C.!. 
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Electronic Research a: xoxe savor 


Several responsible positions have been 
created by the expansion of the research 
programme in the following fields:- 


Digital Storage—aimed at both increasing the speed of existing computer 
memory systems, and at devising new storage techniques, which include low 
temperature systems, tunnel diode storage elements, and new ferrite structures. 


Speech Bandwidth Compression—a study of methods of transmitting the 
information content of speech, including formant tracking, etc. 


Evaluation of New Solid State Devices—an examination of the circuit 
possibilities of solid state devices such as tunnel diodes, Boff diodes, 
impact ionisation diodes, cryotrons, and new transistor devices. 


Roke Manor is organised to stimulate and encourage original ideas, and is 
ideally situated in wooded parkland on high ground overlooking Romsey. 
There is an active social and sports club whose outdoor facilities include tennis, 
cricket, volley ball and sailing. A wide choice of residential areas includes 
Southampton, with its excellent educational facilities and shops, and the 

many delightful villages around Romsey, the Test Valley and the New Forest. 


Applicants should have a Ist or 2nd class honours degree in Engineering or 
Physics or be of equivalent standard. Some research and development experience 
in the computer field is desirable for the digital storage work but emphasis 

will be placed on original thinking and willingness to assume responsibility. 
Publication of papers is encouraged. 


Starting salaries range from £1,000 to well over £2,000. The higher salaries 
will be offered not only to those assuming responsibility but also to those 
making significant contributions to the field. 


Apply in confidence to the PERSONNEL MANAGER, 
Plessey THE PLESSEY COMPANY LIMITED 


Roke Manor, Romsey, Hants. 
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BLACKBURN ELECTRONICS LIMITED 


SENIOR SYSTEM ENGINEER (DIGITAL COMPUTERS) 


A completely new post has been created for a senior engineer to take charge of the design programme 
for digital computing techniques. 

The successful candidate will have had a University degree and at least three years’ experience in this 
field and will be responsible to the Chief Engineer for the design of digital computing systems for an 
exciting new application not previously attempted in Great Britain. 

A salary up to £1,850 depending on qualifications and experience will be offered. Quote Reference No. |. 


SENIOR TRANSFORMER DESIGNER 


A new design programme creates a vacancy for a senior engineer to take charge of a team designing 
small and medium size transformers of a patented type. 
Engineers with experience of transformer or magnetic amplifier design and associated production 
techniques should apply for this post which offers immense scope for originality. 
A salary up to £1,400 depending on qualifications and experience will be offered. Quote Reference No. 2. 
The above posts which are on permanent staff, carry superannuation. Assistance with housing and 
removal expenses will be given. 
Please apply in writing giving full details of experience and qualifications and the appropriate reference 
number, to the: 

$ 


GENERAL MANAGER, 
BLACKBURN ELECTRONICS LIMITED 
Brough, Yorkshire 














ASSOCIATED AUTOMATION LTD. ——— 
—DA 


A number of interesting vacancies exist with the 

Automation Accessories Division for Senior and MULLARD RESEARCH LABORATORIES 
Junior Development Engineers. Candidates should 
have at least two years’ experience in one or more of 


the following subjects :— ENGINEER | 
1. Light electro-mechanical engineering; and 
2. Computing electronics; DRAUGHTSMEN 
3. Computing accessory equipment; in our Laboratories 
4. Coin counting machines; for creative work in the following fields: 


There is an interesting future for 


5. Punched card equipment. Professional Electronic Equipment 

é : Electro Mechanical Devices 
Attractive salaries will be offered to suitable candi- Engineering Technology 

dates who should preferably have H.N.C. or a degree 


in engineering. ENGINEERS 


These are senior appointments carrying responsibility. 
ee <i : : ‘ Candidates should have a Degree in Engineering or be 
Application, giving details of qualifications and age, corporate members of a recognised professional institution. 


should be sent to the : DRAUGHTSMEN 


There are good prospects of promotion for successful 
Employment Manager, candidates who should be of at least O.N.C. standard, and 
have completed an engineering apprenticeship with not less 


ASSOCIATED AUTOMATION LTD. than 4 years’ experience in one of the above fields. 
; ; Conditions of employment are excellent including Super- 
70 Dudden Hill Lane, Willesden, annuation and Life Assurance Schemes. Please apply to 
ondon LW. Mr. G. A. Taylor, Personnel Officer, Mullard Research 
L , N 10 Laboratories, Cross Oak Lane, Salfords, Nr. Redhill, Surrey. 
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electronic 
engineers 


for supervisory appointments 


e High technical interest 

e Opportunity to travel abroad 
e Individual responsibility 

e Good promotion prospects 


e Excellent salary levels 


Ferranti Computer Division are about to make super- 
visory appointments in connection with Computing 
Installations, planned or already operating, inthe U.K., 
France, Norway, Sweden, Italy, Germany, Switzerland, 
South Africa and South America. 

If you have no academic qualifications, good Service 
experience will be favourably considered, as successful 
candidates will be given six months’ training. 

This is an opportunity to join the most progressive 
computer team in Britain. Please write, giving details 
of your qualifications and experience, to 
T. J. LUNT, Staff Manager, Ferranti Limited, Hollinwood, 
Lancs. And quote reference CDM. 


erranti computers 
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AMPEX 





Opportunity for SERVICE ENGINEER 





The marketing company of the Ampex Organisation 
in the United Kingdom, Redwood City Engineering 
Limited, wishes to engage a 


SERVICE ENGINEER 





The Ampex precision magnetic-tape recording equip- 
ment with which he will be concerned has wide and 
interesting applications in research and industry, 
including Computers, Data Processing, and Telemetry. 
A good salary will be paid to the man of degree or 
H.N.C. standard with the ability to fill the post. 
A pension scheme will be available in addition to free 
accident and sickness insurance. 


Write, in confidence, giving details of qualifications, 
experience, and present salary to: 


SEMICONDUCTOR 


SALES ENGINEERS 


HUGHES INTERNATIONAL (U.K.) LIMITED is “4 om 
its Sales Organisation and requires Sales s based in the 
out ‘the U.K. Successful 


Office who are 
licants will be based on advanced tech- 
nology including semiconductors. A degree in Electrical Engineering 
ysics and some Electronics sales experience desirable. Salary and 
benefits on a generous scale. Car provided. 


Applications, giving full details of age, qualifications, experience, 
and sai required, be addressed to 





The Sales Manager, 
HUGHES INTERNATIONAL (U.K.) LTD., 
Kershaw House, 
Great West Road, 
Hounslow, Middlesex. 
Telephone: HOUnslow 5222 











The Managing Director, 
Redwood City Engineering Limited, 
Arkwright Road, 

Reading, Berkshire. 








We do not 
want you 


to apply.... 


to us if you want a routine job. 


On the other hand if you want an EXCITING, VIRILE position 
in Britain's latest industry with considerable opportunities of 
improvement we will be very pleased to hear from you 
Current vacancies located in a pleasant part of the country about 
an hour’s journey north of London are as follows:- 


CHIEF APPLICATIONS ENGINEER 


An energetic and competent man is wanted to lead a growing 
team of engineers engaged in applying Company products to the 
needs of the customer. 

The field covered is wide and includes new types of magnetic 
material, ceramics, loaded rubbers etc., for the electronic and 
telecommunication industry. 

The work is challenging and at times exciting byt the right man 
can make it fascinating and rewarding. a 

A good degree or professional status in physics, electrical or 
electronic engineering is desirable, but extensive practical experi- 
ence and administrative ability are essential. 


DEVELOPMENT ENGINEER 
for the development and testing of electronic components. 
A knowledge of electrolytic capacitors or semi-conductor devices 
would be advantageous. H.N.C. level preferred. 


TECHNICAL ASSISTANTS 
for the servicing and modification of electronic test and control 
equipment. Ordinary National Certificate or better is preferred 
and a knowledge of pyrometry as applied to the control of kiln 
temperatures is required for one vacancy. 


PROTOTYPE WIREMEN 


for the construction of automatic test and production equipment. 
All vacancies are permanent and progressive. There is an 

excellent con! superannuation scheme. Housing at all 
levels is readily available. 


Apply in confidence to Box No. W3922. 


ELECTRONIC ENGINEERING 


Television Production Testers, Technicians 
and Service-men 
SINGLE MEN ONLY 
required by 
Dominion Radio & Electrical Corporation Ltd., 
Otahuhu, Auckland, NEW ZEALAND 


Televisi: sf e@ has just commenced, and there are good 
opportunities. Contributory Superannuation Scheme. 


c Seal Li 








may be eligible for free sea passages under the 
New Zealand ‘Government Migration Scheme; accommodation guaran- 
teed on arrival. 


Commencing salary £16 per 40 hour week basic, plus regular overtime. 
Application to be made in writing to Mr. A. E. Rayment 
ill Moorgate, London, E.C.2. 











FERGUSON RADIO CORPORATION LTD. 
ELECTRONICS DIVISION 


invites applications from 


DEVELOPMENT ENGINEERS 
MECHANICAL DESIGNERS 
DRAUGHTSMEN 


Current projects use transistor circuit techniques in pulse, 
digital and high frequency applications and include interesting 
work in the measurement and control field. 


Positions are permanent and progressive, and offer ample 
scope for initiative and originality. Senior applicants should 
be professionally qualified and able to supervise junior staff. 


Applications in confidence to:— 


Chief Engineer, 
FERGUSON RADIO CORPORATION 
Great Cambridge Road, Enfield, Middx. 
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TELEVISION RADIO 


SENIOR TELEVISION ENGINEER 

This post involves the co-ordination of a team of engineers, 
and a candidate of sufficient merit will enjoy excellent 
prospects. Experience of leading a small section would be 
preferable and applicants should hold at least H.N.C. The 
oe! will be commensurate with the candidates experience 
and status. 


TELEVISION ENGINEERS 

Engineers with three to four years design experience in some 
aspect of TV receivers or similar field of circuitry will be 
needed to fill several posts. 


ASSISTANT ENGINEERS 

A number of opportunities exist for young engineers with a 
good basic engineering training, some industrial experience 
and having a strong inclination to radio and television work. 


TECHNICAL ASSISTANTS 

Men with a variety of experience are needed. A particular 
vacancy occurs for a technical clerk/writer to assist with 
administrative work and laboratory records. 


ROMFORD, ESSEX. 


REGENTONE 


TAPE RECORDING 


The Regentone Group of Companies offer opportunities to engineers and Technical staff in the 

laboratories of their manufacturing division. There are vacancies at all levels of seniority—all of them 

provide interesting work and wide scope to men with enthusiasm and who primarily desire to engage 

in development. Salary scales are imaginative and the organisation is young with a record of rapid 
expansion. 


ELECTRONIC EQUIPMENT 


COMPONENT TEST ENGINEER 

A man with experience of component life testing and approval 
procedure covering both the Mechanical and Electronic field 
is needed for this aspect of the Engineering Department's 
work. 


SENIOR TEST EQUIPMENT ENGINEERS 

Test equipment engineers are —— with some years of 
experience in designing all forms of electronic test equipment 
for mass production of radio and television. Specialist 
experience of sweep generators of TV signal systems would 
be an advantage. 


MECHANICAL DESIGNERS 

These vacancies occur in the television section of the drawing 
office and call for experience of consumer product engineer- 
ing. It is not entirely nec to have worked in the radio 
industry. The work involves dealing with sheet metal parts, 
plastic mouldings, small mechanisms, etc. 

The company offers good working conditions with up-to-date 
facilities; superannuation scheme; canteen facilities; and 
many social activities. Applications should be in writing 
but further information wilt be given by telephone. 


Write to: CHIEF ENGINEER, 
REGENTONE PRODUCTS LTD., EASTERN AVENUE WEST, 


TEL.: ROMFORD 45991 








MESSERSCHMITT AG. 
AUGSBURG 


have the following vacancies on the permanent staff of their 
Munich aircraft plant: 


STANDARDS & CALIBRATION ENGINEER, 
specialized in electronic test equipment 


AIRBORNE RADAR & UHF COMMUNICATIONS 
ENGINEER 


AIRBORNE AUTOPILOT & SERVO MECHANISMS 
ENGINEER 


AIRBORNE AUTOMATIC NAVIGATION 
ENGINEER 


Applicants having a university degree, H.N.C., or equivalent 
qualification in physics or electrical engineering should be 
familiar with research on, design, production, and testing of, 
airborne systems or test equipments, and training of operators. 


Knowledge of German Language is desired. 
Please write, giving details, to: 


MESSERSCHMITT AG. 


Werft Miinchen-Riem/Flughafen, 
GERMANY 








Telecommunications Equipment 


DEVELOPMENT 
ENGINEERS 


SENIOR AND JUNIOR ENGINEERS 
Required for the following projects 
AIR/SEA RESCUE EQUIPMENT 


LIGHT AIRCRAFT MULTI-CHANNEL 
EQUIPMENT 


HOMING DEVICES 


Applicants should have previous experience in V.H.F. 
and U.H.F. Equipment, also a good working knowledge of 
transistor techniques. 


Posts carry good salaries, excellent working conditions 
and first class prospects of advancement. 


Write in confidence, giving full details of age, experience 
and qualifications to: 


BURNDEPT LIMITED 


ERITH KENT 
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EDWARDS HIGH VACUUM 
LIMITED 
MANOR ROYAL, CRAWLEY, SUSSEX 


Edwards High Vacuum Limited is expanding its 
resources for research, development and design of 
pumping equipments, instruments and other apparatus 
concerned with high vacuum and its applications. 


The Company requires physicists or engineers to carry 
out research and development work on vacuum pumps 
and their accessories, vacuum gauges, vacuum switching 
devices, leak detection methods, gas analysis, ultra 
high vacuum techniques, mass spectrometers, electron 
optics and related topics. 


The appointment offers ample scope and opportunity 
for initiative and originality over a wide field of vacuum 
physics and engineering. 


Candidates should have a degree or equivalent quali- 
fication in Physics or Engineering with preferably 
several years post graduate experience. Recently 
qualified candidates will, however, be considered. 


Commencing salaries for these posts would be in 
accordance with age and experience. Pension and 
Bonus Schemes are operated. Please write giving full 
details to the Personnel Manager. 








DEGGA requires qualified and experienced 


DEVELOPMENT ENGINEERS 


for radio, audio, T.V. and transistor work 


Please write with full details 


and mentioning salary expected to: 


THE CHIEF ENGINEER 
DECCA RADIO AND TELEVISION ingate Place, Queenstown Rd., S.W.8 





THE DATA PROCESSING & CONTROL SYSTEMS 
DIVISION OF 


THE ENGLISH ELECTRIC 
COMPANY LIMITED 


have vacancies for a number of 


SITE 
COMPUTER ENGINEERS 


for diagnosis of logic and circuitry faults at Opera- 
tional Establishments in the Home Counties and 
Preston, Lancashire. Successful applicants will, 
after an initial training course, be required to take 
up responsible positions at Computer Installations 
on customers’ premises. 


In addition, two positions are available in BRISTOL, 
as follows: 


1. An Engineer for permanent night duties. In 
view of the special operating circumstances 
of the Computers concerned, this Engineer 
will be required to work 9.30 p.m. to 8.00 
a.m. four nights a week and will receive an 
appropriate salary. 


An Engineer primarily engaged for daytime 
duties. 


Applicants for any of the above positions should 
hold a Higher National Certificate (or equivalent 
qualifications) and have had at least two years 
experience in Development or Maintenance of 
Computers or other pulse circuitry. 


During training, special subsistence allowance will 
be made to any successful applicants who have to 
live away from home. Attractive salaries will be 
offered with these positions, which are permanent 
and enjoy the benefits of the Company's attractive 
Staff pensions Scheme and qualify, after initial 
service, for three weeks annual holiday. Assistance 
with housing may be available in certain cases. 


Applications should be made in writing, giving full 
details of qualifications and experience to Dept. 
G.P.S., Marconi House, Strand, W.C.2, quoting 
reference EE 388B. 








OPPORTUNITIES IN AMERICA 


We have been retained to recruit engineers and scientists for positions 
in the U.S.A. Applications are invited from graduates with a minimum 
of three years experience of design/research/development in any of 
the following fields :— 

| Transistor circuitry. 

2 Communications: Radio, T.V., Microwave, Antennae etc. 

3 Computer Logic, Systems, Circuitry, Memory, Pro- 

gramming etc. 

4 Semi-conductors. Solid state research and development. 
These posts carry salaries of up to $16,000 p.a. and have excellent 
opportunities for advancement. Re-location expenses paid. Send 
comprehensive details of qualifications and experience to: 


Engineering and Scientific Advisers Ltd., 
30, Spring Gardens, Manchester 2. 








PHYSICAL CHEMIST 
Ph.D or B.Sc. 


Previous industrial experience in Metallurgy and semi- 
conductor work is essential and experience of Crystal 
Analysis by X-Ray diffraction is desirable. 


Applications will be treated in strict confidence and should be 
addressed to:— 


The Personnel Manager, 


RANK CINTEL LIMITED 
Lower Sydenham, LONDON, S.E.26 








ELECTRONIC ENGINEERING 


AUGUST 1960 








SITUATIONS VACANT (Cont'd.) 


WHAT’S WRONG 


WITHTHIS 


c3 02 





CIRCUIT? 





Spot the obvious mistake straight away ? 
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men we want. Spot another in next to 


no time? So much the better. 


- 


We are one of the leading companies in the electronics field. If you are a well qualified, 


experienced, Telecommunications Engineer, interested in working on Radio Links, Special Purpose Receivers 


and Low Power Transmitters, we should like to talk to you. 


Write to:- T. A. MCMULLIN, CHIEF ENGINEER, ELECTRONICS DIVISION, MURPHY RADIO LIMITED, WELWYN GARDEN CITY, HERTS. 


CACiEP 








GHKAN 


THE GUEST KEEN AND NETTLEFOLDS GROUP OF COMPANIES 
WISH TO MAKE THE FOLLOWING APPOINTMENT AT THEIR 
GROUP RESEARCH LABORATORY 


PHYSICIST or 
ELECTRONIC ENGINEER 


A Section of the Laboratory is investigating the 
problems associated with high speed automatic in- 
spection devices. A team is developing a versatile 
shape recognition apparatus to sense the outline of 
objects being inspected and to extract and evaluate the 
information which is obtained. 

A physicist or electronic engineer is required to 
strengthen this team. Applicants must be well qualified 
and preferably have research or industrial experience. 


The appointment is pensionable and permanent. 


Applications, which will be regarded as confidential, 
should give details of age, qualifications, experience to 
date etc. and should be sent to: 


The Recruitment Officer, 
G.K.N. Group Research Laboratory 
Birmingham New Road 
LANESFIELD, WOLVERHAMPTON 











EKCO ELECTRONICS LTD. 


RADAR DEVELOPMENT AND 
ENGINEERING DEPARTMENT 


vacancies for 


DEVELOPMENT ENGINEERS 


AT SOUTHEND-ON-SEA, ESSEX 


Ekco Electronics Ltd. is a leading company in both 
military and commercial applications of airborne 
radar equipment. Interesting new projects necessi- 
tate expansion of the design resources, and vacancies 
exist for qualified and experienced engineers with 
interests in the following fields: 


Microwave components, aerial systems, etc. Pulse 
and servo circuit techniques. Heat transfer problems. 


Certain of these posts are of Senior Engineer status, 
and will carry considerable responsibility. 


Applications to: 
Personnel Manager, EKCO ELECTRONICS LTD., 
SOUTHEND-ON-SEA, ESSEX. 
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MULLARD EQUIPMENT LIMITED 


51-55 GARRATT LANE, LONDON, S.W.18 


wish to make some new appointments to their 


MICROWAVE COMPONENTS 
DEPARTMENT 


and invite applications for the following positions :— 


(1) ELECTRONIC DEVELOPMENT 
ENGINEER 


with several years microwave experience and a Physics degree. 


(2) MECHANICAL ENGINEER 


with a sound microwave background, H.N.C. and preferably 
some knowledge of electroforming and allied techniques. 


(3) TECHNICAL ASSISTANT 


with some microwave experience and preferably of H.N.C. 
standard. 


All these appointments which carry very favourable condi- 
tions of employment will be based at Wandsworth until a 
date in 1961, and thereafter at Crawley, Sussex. 


Please write for application form, quoting MC/I, to 


The Personnel Officer, 
51-55 GARRATT LANE, WANDSWORTH, S.W.18 


Engineers and Scientists 





of professional standing who wish to explore the 
possibilities of a new appointment are invited to 
write for further information regarding this con- 
fidential service covering the whole of Great 
Britain to: 


STAFF CONSULTANTS LIMITED 


Engineering & Scientific Personnel Consultants 


20 SOUTHAMPTON PLACE, LONDON, W.C.1 











Television Development and Production Engineers 


SINGLE MEN ONLY 
required by 
Dominion Radio & Electrical Corporation Ltd., 
Otahuhu, Auckland, NEW ZEALAND 


Television manufacture has just commenced and there are good 
opportunities for experienced engineers. Initial contracts will be 
offered to successful applicants. Contributory Superannuation Scheme. 


Successful applicants may be eligible for free sea passages under the 
New Zealand Government Migration Scheme; accommodation guaran- 
teed on arrival. 


Commencing salary £1,000—£1,200 p.a. 
Application to be made in writing to Mr. A. E. Rayment 
111 Moorgate, London, E.C.2. 














ENGLISH ELECTRIC 
VALVE CO. LTD. 


Chelmsford, Essex 


MICROWAVE 
RESEARCH 


A leader for a team required in microwave tube 
field. He will control fundamental work leading to 
new devices, and work on new devices. Freedom 
to develop new ideas. 


Must have good honours degree and some published 
work in the microwave field. 


Post would suit lecturer. 


Details of education, subsequent experience, age 
and published papers should be sent to Dept. 
G.P.S., Marconi House, 336/7 Strand, London, 
W.C.2, quoting reference EE 1I595C. 


THE DE HAVILLAND ENGINE COMPANY LIMITED 
Industrial Products Division 


A vacancy exists for an 


ELECTRICAL TECHNICAL ASSISTANT 


with practical experience on the preparation of wiring 
diagrams, printed circuitry, transistor amplifiers, and Buxton 
requirements. 


Applicants with electrical training up to at least O.N.C. 
standards and experience in any of the services could be 
suitable candidates for this vacancy. 


Written applications should be sent to: 
The Personnel Officer (Ref. SC 995), 


THE DE HAVILLAND ENGINE COMPANY LIMITED 
Leavesden, NR. WATFORD, Herts. 














SENIOR 
ELECTRONIC ENGINEER 


A vacancy exists for a senior engineer to work on the 
development of new types of nuclear electronic equipment. 


Applicants should be of graduate status or equivalent, with 
several years’ experience of electronic development, prefer- 
ably including recent work on semi-conductor units. 
Commencing salary not less than £1,000 p.a., according to 
qualifications and experience. 


Apply in confidence to: 


The Personnel Manager, 


PLESSEY NUCLEONICS LTD. 
WEEDON ROAD, NORTHAMPTON 
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Electronics Division | Plessey West Leigh, Hampshire 


Computer and Memory Systems Group 


Engineers are now required to expand this Group which is 
working on advanced storage techniques and special purpose Computers. 


Two Senior Engineers with a degree and experience This is an opportunity to join a new Establishment 
of Computer and Transistor techniques to take which is already expanding rapidly. Considerable 
charge of new projects. progress in the data handling field is planned and 
those joining the Group now will have excellent 
Engineers with some experience in the general field prospects for promotion. 
of digital data handling, and prepared to apply 
themselves to new work and applications. 
Considerable responsibility will be involved and 


Two System Engineers with experience in pro- substantial salaries are envisaged for the basic 
gramming and in planning complex data installations. members of the Group. 


Holiday arrangements will be accepted and in some cases assistance with rented 
accommodation can be given. 


Apply in the first instance to the Personnel Manager, 
THE PLESSEY COMPANY LIMITED, WEST LEIGH, BARTONS ROAD, HAVANT, HANTS. 
quoting ref. ED/621/E.E. 





UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP RADIO AND TELEVISION 
INSTRUMENT MECHANICS DEVELOPMENT ENGINEERS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment Excellent opportunities exist for young men who have sound 
and/or industrial instrumentation for fault diagnosis, repair experience in design and development of either transistor radios 
and calibration of a wide range of instruments used in or television receivers. ‘Supersonic’ is the trade name of Chassay 
ce “ 7 Bros. (Pvt.) Led. of Bulawayo, Southern Rhodesia, who are the 

nuclear reactors, radiation laboratories and chemical plant. largest radio manufacturers in Africa with an up-to-date plant, 
This interesting work involves the maintenance of instru- expanding markets and well-equipped Laboratory. 
ments using pulse techniques, wide band low noise amplifiers, id us ie ten ctinmens , 

: " P P es ulawayo, with a European population o' y is a most modern 
Pulse amplitude analysers, counting circuits, television, and and healthy city with good schools, entertainment and sporting 
industrial instruments used for the measurement of pressure, facilities. Ample accommodation is lable with d ic servants. 
temperature and flow. The Victoria Falls, Wankie Game Reserve and many other attractions 
are within a few hours motoring distance of the city. 





Men with Services, Industrial or Commercial background roateiiimeil nie to bau: Se anes 
. *¢ . . . . 1 sons are invi or junior an s ‘or pos m 
of radar, radio, television, industrial or aircraft instruments above categories. Junior salaries from £1,200 to £1,600 per annum 
are invited to write for further information. Training Courses and senior salaries from £1,650 to £2,000 per annum, plus an annual 
in Specialised Techniques are provided for successful bonus and thirty days annual leave. Paid passages for successful 
lican . : instrumentation background. applicants and family. All applications must _state nationality, 
oa r ts hav ng mses thn ta di will be age, marital status and number of children and include the fullest 
larried men living beyond : y travelling istance S details of experience and qualifications, with names of referees. 
eligible for housing. A lodging allowance is payable whilst Post by air mail and address to:- 
waiting for housing. Working conditions and promotion. 


Prospects are good. THE CHIEF ENGINEER 
Applications to:— CHASSAY BROS. (Pvt.) LTD. 


Works Labour Manager, Labour Manager 
Windscale and Calder or Gonieaatbaee : P.O. BOX 8096, BELMONT, BULAWAYO, S. RHODESIA. 


Works . . , 
Sellafield, ? Annan, Dumfriesshire, Brochure giving details of Chassay Bros. and the City of Bulawayo, 


Scotland. will be sent to applicants. 
; AE FARR Ne RNR SS oC 
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COMMONWEALTH OF AUSTRALIA 


DEPARTMENT OF SUPPLY 


ELECTRONICS—DURABILITY 
TESTING 


The Depertment of Supply invite applications for the following permanent 
position in their Research and Development Branch, Melbourne, Victoria 


POSITION AND SALARY: Experimental Officer Grade 3: £1,730 
1,950 (Aust. currency) 


DUTIES: (a)—Pan-climatic and durability testing of electronic equipments, 
components and materials, including the development of testing 
equipment. 

(b)}—Maintenance of electrical standards for electronic test instruments. 


QUALIFICATIONS: Degree in Electrical Engineering or Physics or 
equivalent qualifications, together with some relevant experience. 


CONDITIONS: This position offers Permanent Appointment to the 

Commonwealth Public Service and the successful applicant will be 
required to contribute to the Commonwealth Superannuation Scheme 
on confirmation of appointment. 
The successful appointee will be seconded to the Department of Air 
for a period of up to five (5) years duty with the Aircraft Research 
and Development Unit, Royal Australian Air Force, Laverton, near 
Melbourne 


ALTERNATIVELY consideration may be given to a three (3) or five (5) 
year contract of employment in Australia if desired by the successful 
candidate 
in this case the Commonwealth will bear the cost of return fares, 
together with the cost of removing the successful applicant's furniture 
and effects up to a maximum cost of £500 (Aust.), £250 each way. 


APPLICATIONS: Forms obtainable from the Senior Representative, 
(AV.71 8), Department of Supply, Australia House, Strand, London, 
W.C.2, with whom completed applications should be lodged by 
24th August, 1960 





CONTROL 
SAUNDERS-ROE LIMITED 


a Division of 


Westland Aircraft Limited 


have vacancies for CONTROL ENGINEERS to work 
on the Trials and further development of ‘‘Black Knight’’ 
at High Down, Isle of Wight. There is also a vacancy for a 
Mechanical Engineer with Rocket Motor experience. 


Applicants should forward details of their career to date to 





Personnel Officer, 
SAUNDERS-ROE LIMITED 
East Cowes, Isle of Wight, 

Quoting reference DT.62. 
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MARCONI INSTRUMENTS 
ST. ALBANS, 
HERTS. 


Junior and Senior Design Development Engineers required for 
work on Electronic Measuring Instruments in the Telecommunication 
field. Applicants should have a sound knowledge of Radio Frequency 
work and also experience in the use of electronic test gear associated 
with this type of Design Work. These Engineers would work in a 
small team which is responsible for a new design from the specification 
stage right through to the ultimate production. The positions are 
permanent and pensionable and offer good prospects to suitable men. 


ww 


Write to Dept. G.P.S., 
Marconi House, Strand, London, W.C.2 
quoting reference EE 2970S. 
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ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL 


requirea 


COMPUTOR PROGRAMMES SUPERVISOR 


To be responsible for the carrying out on the |.B.M. 7090 Computor 
at A.W.R.E. Aldermaston, programmes originating at the Research 
Establishment at Harwell or the Atomic Energy Establishment, Winfrith, 


Applicants should have G.C.E. at ‘A’ level H.N.C. or equivalent 
qualifications and have digital computor experience. Knowledge of 
1.B.M. 7090 operation and programming an advantage. 


SALARY: £1,045—£1,285 p.a. 


The successful applicant, although responsible to the Research Group, 
will be based at A.W.R.E. Aldermaston where a house or other 
accommodation will be provided. Contributory pension scheme. 
Send POST CARD for details to Personnel Manager (1727/42), 
U.K.A.E.A., A.E.R.E., Harwell, Didcot, Berkshire. 











ELECTRONIC ENGINEERING 


[ Plessey 


LIBRARIAN 


to be responsible for Library services within the 
Technical Information Department. 

Lady over 25 years with experience of special library 
work including U.D.C. classification. Degree in 
physics or engineering desirable; consideration will 
however be given to candidates with technical 
experience. 

Salary: £700—£850 according to experience. 
Applications, giving full details, should be made in writing to: 
The Personnel Manager, 

THE PLESSEY COMPANY LIMITED, e 
Vicarage Lane, Ilford, Essex 
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AED 


PUBLICITY LIAISON 


Applications are invited for a position in the Valve and Semiconductor 
Sales Dept. at Lincoln. Duties will include liaison with the Divisional 
Publicity Officer and Group Publicity Department in connection with 
all publicity requirements of our Valve and Semiconductor Department 
at Lincoln. 

Previous experience of publicity work is not essential but some know- 
ledge of valves and semiconductor devices would be helpful. 





Please write stating age, previous experience and salary to:— 
Divisional Publicity Officer, 
ASSOCIATED ELECTRICAL INDUSTRIES LTD., 
Electronic Apparatus Division, 
NEW PARKS, LEICESTER 











PDS SDDS SLID DDD DAA ASSAD DAD DASA SDDS ISA LAIST 


ENGLISH ELECTRIC 


SEMI CONDUCTOR DEVELOPMENT 
ASSISTANT MANAGER 
REQUIRED 
in the Semi Conductor Division of the Company at 
Chelmsford. The successful candidate would be responsible 
for the development of semi conductor power rectifiers 

and other devices of this nature. 

Scope for a man with original ideas on techniques and 
processes. 

Five years previous experience in the field of semi conductors 
and an honours degree, essential qualifications. 
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Apply to Dept. G.P.S., Marconi House, Strand, London, 
W.C.2, quoting reference EE 1595E with brief details of age, 
experience and qualifications. 
LiitntinbinanadarbbdnipedtberetTebebeDOPOree 
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UNITED KINGDOM LIMITED 
CUSTOMER ENGINEERING 


Due to continued expansion International Business Machines, the largest company of its kind in the world, 
requires Customer Engineers to be responsible for the installation, maintenance and efficient working of 
IBM’s whole range of Data Processing equipment including computers, calculators and electro-mechanical 
accounting machines. Applications are invited to fill the following vacancies for the September and 
November Schools: 


1. COMPUTER ENGINEER Applicants (age 21—30) should be of H.N.C. (Electronics) standard or have a sound back- 
ground in general electronics, with emphasis on pulse circuitry. A knowledge of computer or calculator techniques 
would be an advantage but is not essential. Computer Engineers selected for the IBM 700 series machines must be prepared 
to spend a training period of 5/6 months in France or the United States. For the IBM 650 and RAMAC systems, training 
given in the United Kingdom or Germany. Excellent starting salaries are offered based on qualifications and experience. 


2. ACCOUNTING MACHINE AND CALCULATOR ENGINEER Applicants (age 2i|—30) should have the ability to 
handle complex electro-mechanical machines and have a sound background in electronics obtained by study for a National 
or City and Guilds certificate or through practical experience in industry or the Armed Forces. Starting salaries will be 
between £600 and £750 per annum, rising to £1,000 in approximately three to four years and thereafter according to the 
individual's ability. Promotion prospects to computers or to supervisory/ managerial appointments are excellent. 


3. JUNIOR ENGINEER Applications are invited from men aged approximately 18—21 who have G.C.E. at Advanced 
Level in Pure and Applied Mathematics and Physics or who are studying for a National, City and Guilds or similar quali- 
fication. Junior Engineers are trained initially on a limited number of 1BM machines and should very quickly reach the 
grade of full Customer Engineer. A starting salary will be given which is commensurate with the very high standard of 
man we require. This is probably the best opportunity of its kind open to technically-minded young men. 

Preliminary interviews for all grades will be conducted at the IBM offices which are located throughout the United Kingdom 


Applications should be made in writing to the 
Personnel Manager, 
IBM United Kingdom Limited, 101 Wigmore Street, London, W.1, 
quoting reference 60 94. 














British Relay Wireless 
And Television Ltd. 


ELECTRONICS 
SALES ENGINEER 

Owing to the continuous expansion of our activities, a 
number of vacancies have arisen in our laboratories for 


An excellent opportunity exists in Ekco Engineers and Assistants to work in the fields of Com- 
Electronics for a sales representative with a munications and Television. 
knowledge of the application of electronics in 


industrial measurement and control. Some 


experience in this field is desirable and appli- 1. ENGINEERS of H.N.C. standard or higher and able to 
: work independently or to direct one or more assistants 
cants must be capable of representing the Salary not less than £950 p.a. and monthly staff status. 


leading British manufacturers of equipment 
for this purpose. 


Salaries and conditions are: 


ENGINEERS whose work requires supervision, but who 
are expected and will be given every opportunity to 
, : 3 advance to (1). Salary—£850—£950 and monthly 
A permanent post is offered with fine oppor- staff status. 
tunities for advancement in an expanding 
_ wetents ‘ 2 LABORATORY ASSISTANTS (O.N.C. standard) 
world wide organisation, while a Super Up to £15 17s. 6d. p.w. 
annuation and Life Assurance scheme provides 
security. Experience of Transmission Lines, Modulation, Wave 
Filters, Wide Band Amplifiers, Waveform correction, 
Reply in confidence to Personnel Manager Pulse Techniques or similar, will qualify candidates for 


; : ; employment in our Research Laboratory. 
with details of experience, age and salary 


required Experience of Television Receiver Development will qualify 
for employment in our TV Development Laboratory. 


7 . . Apply to: 
EKCO Electronics Limited, FOE inl EN 
BRITISH RELAY WIRELESS LTD. 
Southend-on-Sea, Essex. 1-7 Croft St., London, S.E.8. 
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EMI 


DEVELOPMENT 
ENGINEERS 
FOR 
ELECTRONIC 
EQUIPMENT 


E.M.I. Electronics Ltd. has a number of 
very interesting vacancies for Electronic 
Engineers in the development teams 
of its Airborne Radar Division. The 
work involves the very latest techniques 
particularly relating to the application of 
transistors. 


Applicants should possess as a minimum 
qualification a University Degree or H.N.C. 
in electronics, electrical engineering or 
physics and should preferably, though not 
essentially, have had experience of some 
of the following: radar, links, display 
circuitry, pulse circuitry. The vacancies 
are for Senior, Intermediate and Junior 
Engineers and for those wishing to broaden 
and develop their careers progressively 
these posts offer excellent opportunities. 


Please write, giving full details and quoting 
Ref.: EL/3/A, to: 


PERSONNEL MANAGER, 
E.M.l. ELECTRONICS LTD., HAYES, MIDDLESEX. 


BRITISH COMMUNICATIONS 
CORPORATION LTD. 


urgently require Electrical Testers and Service Engineers. 
Applicants should have experience of V.H.F. Equipment. 


GOOD RATES AND CONDITIONS 


Ring WEMbley 1212 or write to Personnel Officer, 
Second Way, Exhibition Grounds, Wembley. 


(Buses 8 and 92A into Trading Estate). 











Vacancy for 


Chief of Test and Inspection 


to be responsible to the Chief Engineer for quality 
control at all stages of manufacture and test of 
Electronic Products. 

Previous experience essential. This is a responsible 
position in a rapidly expanding organisation. Con- 
tributory pension scheme. Salary according to age 
and experience. 

Applications giving full details of experience, age and 
qualifications to the 

Chief Engineer, 
FIELDEN ELECTRONICS LTD., 
Paston Road, 
Wythenshawe, Manchester 22. 








ASSISTANT MANAGER 


Applications are invited for the position of Assistant 
Manager in our Valve and Semi-conductor Sales 
Dept. 

Please write, stating age, previous experience and 
present salary to 


Manager, 

Valve and Semiconductor Sales Dept., 
ASSOCIATED ELECTRICAL INDUSTRIES LTD., 
Electronic Apparatus Division, 
CARHOLME ROAD, LINCOLN. 





























ELECTRONIC ENGINEERING 


THE ONLY 


SUB-MINIATURE 


The Hopwood—Par 
Type P3 relayalthough 
miniature, retains 
every possible feature 
of the “3000 Type” 
plus ceramic insulation 
and hermetic sealing. 


Made tn England £ It can have ap to 6 poles; twin 
‘ or HD contacts and tags for 
PRINTED CIRCUITS. 
D. ROBINSON and COMPANY Tel: HOUnslow 6266/7 & 6338 
117 Own N ROAT HOUN 
WRITE FOR LIST gi 


MIDDLESEX 





EE 24200 for further details 
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THE NORTHERN POLYTECHNIC 
HOLLOWAY ROAD, LONDON, N.7. 
Principal: T. J. Drakeley, C.B.E., D.Sc., Ph.D., F.R.LC., F.LR.L 


Department of Electronics and Telecommunications 
Head of Department: J. C..G. Gilbert, Assoc.I.E.E., M.Brit.L.R.E., F.T.S. 


Full-time Day, Part-time Day and Evening Courses in 
Telecommunications Engineering in preparation for the 
Northern Polytechnic Diploma in Electronics and Tele- 
communications, the Graduateship of the British Institution 
of Radio Engineers and the City and Guilds of London 
Institute Telecommunications Technicians’ Course and 
Supplementary Studies for the Full Technological Certificate. 
Full-time 2 year course in Radio and Television Servicing, 
also part-time day release and evening classes are held in 
these subjects in preparation for the City and Guilds of 
London Institute and the Radio Trades Examination Boards’ 
Certificates. 


The Supplementary Studies covered are : 
ications and Electronic Principles 





Microwave Radio-Relay systems 
Radar and Radio-Navigational Aids 


All the above courses include practical laboratory and workshop experience. 


London fees: £30 per year, or £11 per term, plus £2 registra- 
tion fee, for full-time courses. (No fee for students under 
18 years of age). 

Evening class fees range from 40/- to 55/-. 

Enrolment for day classes by appointment. 
Enrolment for evening classes, 5.30-7.30 p.m., 20th and 21st 
September, 1960. New term commences 26th September, 1960. 


Prospectus free on application to Secretary. 








SCREEN PRINTING 
MACHINES % 
EQUIPMENT 


It will pay to investigate 
this versatile process! 


Ideal for: 
DIALS, SCALES, FACIA PANELS, COMPONENTS, 


CHASSIS MARKINGS, PRINTED CIRCUITS, ETC. 
(DEMONSTRATIONS GLADLY ARRANGED) 


GAYLER & HALL LTD. 


HARLEQUIN AVENUE, BRENTFORD, MIDDX. 
Telephones: ISLeworth 4401-2-3 

















THE ENGINEER 
BUYERS GUIDE 


1960 EDITION 


The Buyers Guide Section of this 
latest edition contains 34,750 
suppliers entries arranged under 
2,650 classified product headings. 
Subscribers to THE ENGINEER have 
been sent one copy free on publication. 
Copies available at 9/3d. each (including 
postage) from 


The Manager— 


THE ENGINEER 


28 ESSEX STREET, STRAND, LONDON, W.C.2 
Phone : CENtral 6565 





SHEET METAL PUNCHES 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 








Patent No. 619178 and Patents | A full range of connectors from 2 to 
pending. 33 way, proven in use by the 
electronic industries of the world. 

Round, Square and Rectangular. ; 
The easiest and quickest way of 
punching holes in SHEET METAL. 





UST OF SIZES AND 
PRICES ON APPLICATION 














“ Q-MAX ” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. 
PRICE 15 Gas. Complete. 


| illustrated | 
| CATALOGUE 
available | 


on request 25 HIGH NoLsone, LONDON, w.cl 
el.: HOLborn 6231/2 
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Vacuum 
Deposited 
Thin 

Films 

At work in 
Electronics 


ous 


Left : Aluminising small glass 
components for image tubes 
in an Edwards 19VES coating 
plant. (Courtesy of Associated 
Electrical Industries Limited) 


Above: Depositing precision 
contacts on to germanium 
slices for “Mesa” transistors, 
on an Edwards 18E4 coating 
plant. (Courtesy of Texas 
Instruments Limited) 


ad 


Lower Left: Quartz crystal 
coating on an Edwards SS5 
sputtering unit. (Courtesy of 
Messrs. Standard Telephones 
& Cables Limited) 


Cathode Ray Tubes 
° 

Sodium Lamps 
a 


Image Orthicon 


Tubes 
4 


Micro Miniaturised 


Circuitry 
* 


Resistors 
© 


Metallised Film 
Capacitors 


Semi Conductor 
Materials and Tran- 
sistor Components 


* 
Quartz Crystals 
. 
Selenium Rectifiers 
= 
Electroluminescence 
@ 
Antistatic Coatings 
* 


Electrically 
Conductive Coatings 


. 
Magnetic layers for 


Computer Memory 


Devices 
* 





SPEEDIVAG 


There is a plant in the Edwards range to suit 
every possible application for vacuum deposited 
thin films in the electronics industry. 
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.-Birlec, Ltd. 

.-Instrumentation Division | 

Plastics (Aldridge), Ltd. 
A.P.T. Electronic Industries Ltd. 
Adcola Products, Ltd. 
Advance Components, Ltd. 20, 105, 
Aircraft-Marine Products (Great Britain), “ td. 
Airmec, Ltd. 
Alma Components, Ltd. 
Ampex Electronics, Ltd. 
Ampex International 
Anglo-American Vulcanized Fibre Co., 
Ardente Acoustic Laboratories, Ltd. 
Armstrong-Whitworth Equipment 
Associated Automation, Ltd. 
Associated Electrical Industries (Rugby), Ltd. 

24, 172, 1 

Associated Electrical Industries (Woolwich), 

Led. 12, 49, 67, 107, 161 
Associated Transistors, Ltd. Cover ii 
Atomic Power Constructions, Ltd. 162 
Australia, Commonwealth of 172 
Automat (Electro Automat, Ltd.) 144 


.C.C.-Burndy, Ltd. 

-P. Chemicals, Ltd. 

| &K. Laboratories, Ltd. 

B. &R. Relays, Ltd. 

BX Plastics, Ltd. 

Baldwin Instrument Co., Ltd. 

Barr & Stroud, Ltd. 

Beiclere Co., Ltd. 

Belling & Lee, Ltd. 

Berry's Radio 

Birch, H. A., & Co., Ltd. 

Bird, Sydney S.. & Sons, Ltd. 

Birmingham, City of 

Blackburn Electronics, Ltd. 

Bolton, Thomas, & Son, Ltd. 

Boulton-Paul Aircraft, Ltd. 

Brandenburg, Ltd 

Bribond, Ltd. 

British Communications Corpn., Ltd. 

British Electric Resistance Co., Ltd. 

British Nylon Spinners, Ltd. 

British Relay Wireless, Ltd. 

British Scientific Instrument Research Assoc. 162 
Brown, N. C., Ltd. 148 
Broxlea Products, Ltd. 142 
Bullers, Ltd. 78 
Burgess Products, Co. Ltd. 80 
Burndept, Ltd. 167 
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Carr Fastener Ltd. 
Cayson Electrics, Ltd. . 
Chapman & Hall, Ltd. 
Chassay Bros., Ltd. 
Clarkes (Redditch), Ltd. 
Cole, E. K., Led, 
Colvern, Ltd. 

Crompton Parkinson Ltd. 
Crosland, William, Ltd. 


Datum Metal Products, Ltd. 

Davis, Jack, (Relays) Ltd. 

Dawe instruments, Ltd. 

De Havilland Engine Co., Ltd. 

Decca Radar, Ltd. 

Decca Record Co., Ltd. 

Dominion Radio & Electrical Corpn., Lt 
Donovan Electrical Co., Ltd. 

Dowding & Doll, Ltd. 


E.M.1. Electronics, Ltd. 

Ekco Electronics, Ltd. 

Edwards High Vacuum, Ltd. 168, 
Electrical Instrument Co. (Hillington). Ltd. 
Electronic Instruments, Ltd. 

Electronic Tubes, Ltd. 

Elliott Brothers (London), Ltd. 

Engineer Buyers Guide 

Engineering & Scientific Advisers, Ltd. 

English Electric Co., Ltd. 39. 168, 172 
English Electric Valve Co., Ltd. 45, 170 
Equipment, D. J., (Hersham), Ltd. 122 
Ericsson Telephones, Ltd. 40, 135 
Erie Resistor, Ltd. Cover iii 
Evans, Frederick W., Ltd. 148 
Evershed & Vignoles, Ltd. 6 


Farnell Instruments, Ltd. 
Ferranti, Ltd. 

Ferguson Radio Corpn., Ltd. 
Fielden Electronics, Ltd. 


Fox, P. X., Ltd. 
Formica, Ltd. 


Fortiphone, Ltd. 


Gardner, Henry, Ltd. 
Gardners Radio, Lid. 

Gayler & Hall, Ltd. 

General Electric Co., Ltd. 
Goodmans Industries, Ltd. 
Graphite Products, Ltd. 
Gresham Transformers, Ltd. 
Guest Keen & Nettlefolds, Ltd 


Hassett & Harper, Lid, 

Hatfield ee, Lid. 
Hemming, J. A.. 

Hughes eh (U.K ) Led. 


IBM United Kingdom, Ltd 

Ilford, Ltd. 

lliffe & Sons, Ltd. 

Imperial Chemical Industries, Ltd. 

Industrial & Commercial Finance Corpn 
insuloid Manufacturing Co., Ltd. 

International Rectifier Co. (Great Britain), Ltd. 
loco, Ltd. 


Johnson Matthey & Co., Ltd. 
Jones & Rooke (1948), Ltd. 
Jones, Walter, & Co. (Engineers), Ltd. 


Kent Alloys, Ltd. 














MORE PERMANENT CAPITAL 
IS WHAT YOU NEED— 


to finance new equipment, plant, machinery and buildings for 


your expansion and progress. 


Capital for this purpose is prov ided 
both in the form of long-term loans and share capital by 


The booklet ‘Capital for Business’ will be sent on request 


INDUSTRIAL & COMMERCIAL FINANCE CORPORATION LTD 


National 8621/5 


HEAD OFFICE: 7 Drapers’ Gardens, London EC2. 


and branches in industrial centres 
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Vactric (Control Equipm« at), Ltd. 
Vacwell Engineering Co., Ltd. 
Veeder-Root, Ltd. 

Vero Precision Engineering, Ltd. 
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Swindon Condenser Co., Ltd. .. es - 35 Zenith Electric Co., Ltd. 


with the 
ee Exclusive 
Duratrak 


continuously-adjustable 


autotransformer 
Contact Surface 





riac 


Reg. Trede Merk 





I“ THE NEW issue of our Catalogue Any of these “Variacs’”” may be ganged for 


(VAR-5), pages 14 and 15 show a large 
range for operation on frequencies between 50 
and 2,600 cycles. “Variacs” for ship and 
aircraft service are covered by this selection, 


which also includes small, low voltage toroidal 


models designed for 50 cycles. 


three phase operation, giving voltage regulation 
down to zero volts. 

A number of models provide a useful over- 
voltage feature which can be readily employed 
to give a steady output at the maximum end 


from a varying supply. 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS VILLIERS ROAD WILLESDEN GREEN 
Telephone: WiLiesden 6581-5 Telegrams: Voltaohm, Norphone, London 


LONDON N.W.2 


MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENTS 
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40 VOLTS/SEC AUTOMATIC CORRECTION 
—with the type TCVR voltage regulator 


Type TCVR-7000. 
Rack-mounting version. 


The TCVR is a servomechanical automatic voltage 
regulator having the very high speed of correction of 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally + 0.5%) from no-load to 
to full-load, for wide variations in frequency and 
power factor. 

A wide range of models from 1.6 to 12 kVA single- 
phase, and 4.8 to 36 kVA three-phase, is available, 
to standard or tropical specification, in cabinets or 
for rack-mounting. Models are also available in 
which the output voltage is continuously adjustable 
over a wide range by means of a panel control. 
Regulators can be supplied to Services’ specification, 
and special models can be designed to order. 

For high-speed, accurate stabilisation without dis- 
tortion—specify TCVR. 





Other products 
of Claude Lyons Ltd. Stabiliser Division 


BMVR: Motor-driven laboratory and industria! regulators ranging 
from 1-6 to 29 kVA single-phase, and 4-8 to 87 kVA three-phase. 
Constancy of output normally + 0-5%, from no-load to ful!-load 
No distortion. Speed of correction | Volt/Sec. A great variety of 
models, standard, tropical and militarised, for all applications 


BAVR: Electronic stabilisers of very high accuracy, and very rapid 
response, with no moving parts. Input range: 10% to + 5%, 
output constancy + 0.15%. Three sizes: 200, 500 & 1000 VA 
Exceptionally useful for control of chemical processes, heating 
lighting, etc. 


ASR: Automatic step regulators, small, inexpensive, and with 
sinusoidal output waveform. Two sizes: 1-15 kVA and 2-3 kVA. 
Input range - 10% to + 5%: output constancy, + 2)%. 


ATC: Automatic Tap-Changing Transformers — a development of 
ASR. Two sizes: 575 VA and 1 1SOVA. Input range - 20% to + 10%: 
output constancy, + 5%. Provide adequate stabilisation for many 
types of apparatus, at low cost. Also useful as pre-regulators, 
eg. in conjunction with BAVR. 


We shall be pleased to send 
you full details of our 
entire range. 


Blaude Dyons Mtd. @ 


Stabiliser Division 
VALLEY WORKS - HODDESDON - HERTS + TELEPHONE HODdesdon 4541-4 


Cl 47 1B 
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